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This dissertation research study focused on the bioarchaeology of Kaman-Kalehöyük and 
the goal was to provide baseline data for investigating the effects of social inequalities on rural 
communities during the Middle Bronze Age (MBA) (ca. 2000-1750 years Before Current Era) in 
central Anatolia (present-day Turkey). In particular, this project addresses the impact of the 
political landscape during the MBA on population health at the village site Kaman-Kalehöyük 
using multiple lines of evidence. This is accomplished through the thorough documentation and 
analysis of human skeletal remains at Kaman-Kalehöyük.  More specifically, all MBA skeletal 
remains from this site were examined for health indicators of biological stress, activity patterns, 
and trauma in order to assess whether a biological signature of health is present at this MBA 
rural community. 
The results showed a minimum of 64 individuals and include all age categories and both 
sexes. Some aspects of the health profile, such as the demographic profile, fertility rates and 
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prevalence of dental caries, are consistent with an agricultural lifestyle. The demographic 
patterns appear to be relatively normal for an agricultural village and fertility is high, similar to 
other agricultural communities. Evidence for nutritional quality and general stress potentially 
indicate that these individuals might be more consistent with the health profile of low socio-
economic individuals at the contemporaneous site of Kültepe/Kanesh.  
In addition to health, skeletal evidence for antemortem (healed) and perimortem 
(unhealed) trauma was observed. The perimortem trauma includes chop marks made by some 
sort of weapon on two bones. These marks strongly support the original interpretation by the site 
director, Dr. Sachihiro Omura, that many individuals found at the site died in an attack on the 
village. In addition, antemortem trauma found on five individuals appear to be violence related 
as well. These include two healed facial fractures, two healed skull fractures and one healing stab 
wound to the chest. These antemortem injuries suggest that interpersonal violence was not 
limited to the raid on the village as at least five individuals had experienced some sort of 
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CHAPTER 1: INTRODUCTION 
 
Introduction 
 Institutionalized inequalities have long been present in human societies cross-culturally 
and in different regions and time periods. Inequalities, and their effects on different communities 
and subgroups of people (for example women, minorities, immigrants, the poor, the sick), are 
still of concern today. Recently some modern industrialized societies have seen trends indicating 
increases in income inequality leading to very different health outcomes due to differential 
access to high quality resources and health care. Issues such as access to sufficient amounts of 
food and water, risk of illness and violence or accidental injury, however, are not just recent 
problems. Understanding how these processes have developed and manifested over time in 
different cultural settings allows us to better understand the range of effects that inequalities can 
have on people. Archaeological data is ideal for tracing patterns over time and these patterns can 
be compared with other regions, cultures, social and political organizations and economies. This 
research attempts to provide a bioarchaeological approach to investigating inequalities through 
examination of the human skeletal remains at a rural site from the Middle Bronze Age (MBA), 
Kaman-Kalehöyük. The objective is to provide a health profile for this rural, agricultural 
community that can be used for comparisons in the region and elsewhere. 
 
Embodied Inequalities as Structural Violence 
One way that inequalities have been examined is through the concept of structural 
violence.  Structural violence refers to violence that is systematically utilized by society as a 
whole.  The ultimate goal in studies of structural violence is to understand the underlying social 
structures that lead to the oppression directed towards certain groups of people in a society 
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(Farmer, 2004).  Using a structural violence lens, institutionalized inequalities are considered a 
form of violence because the effects of these inequalities are embodied in individuals. Disease, 
early death, and other forms of bodily harm characterize these embodied inequalities.  Therefore, 
racism, poverty, gender inequality and other oppressive aspects of society may be examined 
through the way they are embodied (Farmer 2003).  One modern case study discussed by Farmer 
(1999) concerns the plight of poor prisoners in Russia following the fall of the Soviet Union.  
Russia has one of the highest incarceration rates, which is made worse as many poor people have 
to steal food to survive and end up entering the prison system.  These prisoners are then exposed 
to tuberculosis, specifically multidrug-resistant TB, but denied adequate medical care for their 
tuberculosis because it is considered too expensive.  This results in the poor health and death of 
many individuals (Farmer 1999).  In his discussion of this case study, Farmer (1999) argues that 
human rights violations such as this are often caused by social inequalities based on gender, 
ethnicity, religion, and social class.  Farmer (1999) points out that in these cases the violence 
directed towards individuals that leads to poor health and early death is structural in nature.    
 
Middle Bronze Age Central Anatolia 
 The Middle Bronze Age (MBA) in central Anatolia represents a period of social and 
political change in the region. The political organization of society into city states, controlled by 
rulers and centralized bureaucracies (Barjamovic 2008; Özgüç 2003, 2004; Veenhof and Eidem 
2008) created a landscape where some individuals had much greater access to power and 
resources than others (for example see Atıcı 2014b; Donbaz 1988; Özgüç 2003). The thriving 
international trading system that was present in the region during this period, created by Assyrian 
merchants, was an important part of the economic structure that contributed to inequalities (Atıcı 
3 
 
2014b; Donbaz 1988; Özgüç, 2003). The practice of debt slavery (Özgüç 2003; Veenhof and 
Eidem 2008), presence of prisons (Riemschneider 1977), and the high prices of some foods 
(Atıcı 2014b; Dercksen 2008b) would have created conditions for some individuals that may 
have had adverse health effects. Additionally, the amount of physical labor, and types of 
activities, may have varied between different individuals and groups of individuals, such as 
farmers, merchants and urban elites. Some of these aspects of MBA society, including 
differential access to meat and certain plants (see Atıcı 2014b; Dercksen 2008a; Fairbairn 2014; 
Fairbairn, et al. 2014; Özgüç 2003), may have resulted in physiological stress that was embodied 
by these individuals. Similary, activity patterns may have been written in bone and can 
potentially be identified. Bioarchaeology presents a unique way of studying these inequalities in 
the past through the analysis of direct skeletal evidence for nutrition, health, trauma and activity 
patterns. 
 
Case Study: Kaman-Kalehöyük 
Kaman-Kalehöyük, located near the Kızılırmak river in central Anatolia (Hongo 2004; 
Omura 2011), was probably a regional town during the MBA (Atıcı 2005). Faunal and 
archaeobotanical studies have reconstructed the subsistence at this site, which was agropastoral 
(Atıcı 2003, 2005; Fairbairn and Omura 2005). Numerous human skeletal remains have been 
unearthed from the MBA layers at Kaman-Kalehöyük and often come from burned contexts 
(Hunt 2005, 2006, 2007; Katayama 1998; Omura 1996, 1999, 2001, 2005, 2006, 2011). 
Preliminary studies of some of the MBA human skeletal materials have been performed, 
particularly on skeletal remains found in or near burned room blocks at the site (see Hunt 2005, 
2006, 2007; Katayama 1998). However, prior to this project, no comprehensive study of all of 
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the known MBA human skeletal remains has been performed, complicating our understanding of 
the health profile of this community. 
This dissertation research study focused on the bioarchaeology of Kaman-Kalehöyük and 
the goal was to provide baseline data for investigating the effects of social inequalities on rural 
communities during the Middle Bronze Age (MBA) (ca. 2000-1750 years Before Current Era) in 
central Anatolia (present-day Turkey). In particular, this project addresses the impact of the 
political landscape during the MBA on population health at the village site Kaman-Kalehöyük 
using multiple lines of evidence. This is accomplished through the thorough documentation and 
analysis of human skeletal remains at Kaman-Kalehöyük.  More specifically, all MBA skeletal 
remains from this site were examined for health indicators of biological stress, activity patterns, 
and trauma in order to assess whether a biological signature of health is present at this MBA 
rural community. 
Understanding the relationships between political structures, inequalities, and human 
health are issues of immediate importance to modern societies.  This projects examines how 
processes such as urbanization and state formation may have affected rural communities in the 
past using a biocultural approach.  Bioarchaeology can potentially contribute greatly to this 
ongoing discussion in anthropology regarding the impacts of inequalities through the 
contribution of empirical evidence from human skeletal remains. Through the interaction of 
biological and archaeological data, this project aims to lay a foundation for future studies of 
inequalities in central Anatolia during this important period of change in the region.  One of the 
important aspects of this research project is the ability to combine evidence from texts about the 
social, political, and economic landscape of the MBA, archaeological evidence from ongoing, 
long-term excavation projects in the region, and empirical data from human skeletal remains in 
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order to address an important anthropological question. This research took place through 
collaboration with an international team of researchers working in Turkey at the Japanese 
Institute of Anatolian Archaeology (JIAA). The research also may have broader implications that 
could contribute to future studies of the relationship between inequalities and human health 
across time and space. 
 
Research Problems 
Archaeological reconstructions of human health, diet, activity, violence and identity are 
aided by the inclusion of bioarchaeological evidence. Human skeletal data can provide direct 
evidence for quality of nutrition, exposure to pathogens and childhood stress. The amount of 
physical labor that individuals are engaged in can also be reconstructed through analysis of 
certain markers on the bone and degenerative conditions. A key aspect of providing a 
comprehensive interpretation of the skeletal evidence is the use of multiple lines of evidence. 
These lines of human skeletal evidence can then be considered along with zooarchaeological, 
archaeobotanical and archaeological evidence to provide a more complete picture of life in the 
past. Currently, while there is an increasing amount of information from texts and long term 
archaeological excavations about life during the MBA in central Anatolia, there is relatively little 
human skeletal data available from this period. This project seeks to provide new data that will 
hopefully contribute to the growing information about life as seen on the bodies of those who 
lived during the MBA.   
The primary research question for this investigation has been developed through a review 
of the relevant literature on the MBA in central Anatolia.  The question to be addressed is as 
follows: What are, if any, the conspicuous skeletal signatures of health in rural populations in 
central Anatolia during the MBA?  Multiple lines of evidence will be utilized in order to research 
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and quantify the skeletal signs of health among these rural Anatolian individuals.  This will help 
form a baseline for future investigations of inequalities that may be performed as comparative 
data becomes available.  In particular, the following goals were addressed: 
1. Reconstruction of the paleodemography of the site. 
2. Estimation of female fertility. 
3. Examination of average age at death for different subgroups (subadults, males, females). 
4. Quantification of signatures of nutritional deficiencies based on age and sex, including 
severity and degree of healing. 
 
5. Measurements of long bone length and estimates of living stature for all individuals when 
possible. 
 
6. Quantification of non-specific indicators of stress and infectious disease based on age and 
sex, including type and timing of stress, severity, and degree of healing when relevant. 
 
7. Analysis of patterns in physical activity and robusticity (muscularity) for adult males and 
females. 
 
8. Patterning of lethal and non-lethal trauma for all individuals when present, including 
location, type of trauma, and severity. 
 
9. Reconstruction of the mortuary context for all individuals and comparisons with other 
contemporaneous sites with published mortuary data. 
 
Reconstruction of the paleodemography will assist in identifying whether the skeletal 
sample is representative of a normal agricultural society or whether there are biases in the sample 
in terms of underrepresentation of some groups of individuals. This was accomplished through a 
feature based approach to estimating the minimum number of individuals for each context. 
Following this, a biological profile of each individual was assigned whenever possible. Fertility 
was based on standard formulae in order to be directly comparable and also provide information 
on community health. Signatures of nutritional deficiencies such as cribra orbitalia and porotic 
hyperostosis were collected as were long bone lengths (which are affected by nutrition). Living 
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stature was estimated using two different regression formulae in order to compare with different 
skeletal samples in the region.  
Information about activity also provides information pertaining to potential inequalities 
because long term, strenuous labor during life leaves signs on the bones. These signs, such as 
increased muscularity and the degeneration of joints, can be examined and quantified. For this 
study, entheseal changes for the upper and lower limbs were scored using a standardized 
methodology and then compared between groups of individuals (males vs. female, young adult 
vs. middle adult) to look at intra site division of labor. Osteoarthritis in the joints was also 
recorded for major joints in order to compare within the community and with other sites, such as 
urban sites, to look for similarities and differences. 
Evidence for violence can also provide important information about risk of injury and 
potential inequalities. Antemortem (before death) and perimortem (around the time of death) 
injuries were recorded when observed and the severity was noted. These will give insight in to 
the types of injury experienced by these individuals and also provide information about potential 
interpersonal violence in the region. These data can also be compared with other communities to 
examine regional patterns of violence.  
While the small sample size from Kaman-Kalehöyük and relative scarcity of comparative 
data from other sites in the region makes hypothesis testing difficult, it may also be possible to 
preliminarily examine whether there are similarities and/or differences in health patterns between 
this sample and published skeletal data from a sample from the central Anatolian urban site of 
Kültepe/Kanesh and other sites in central Anatolia and Southwest Asia. This research will 
attempt to place the skeletal data into the wider context of the region and time period by 





Institutionalized inequalities have long been an issue in human societies and can impact 
health and quality of life in a variety of ways. The aim of this research is to present multiple lines 
of skeletal evidence that can be used to better understand inequalities during the MBA in central 
Anatolia through the analysis of the human skeletal remains from the rural site of Kaman-
Kalehöyük. The types of data collected provide information on nutrition, disease, childhood 
stress, activity and muscularity. In addition, trauma analysis was performed in order to examine 
risk of injury and potential violence. These data were then compared with other sites in the 

















CHAPTER 2: CHRONOLOGY AND LANDSCAPE OF CENTRAL ANATOLIA 
 
Introduction 
 This chapter describes the physical environment of central Anatolia, specifically the 
geography, geology and climate. This information is important in order to understand the degree 
of access to essential resources, including water, which factor in to human health. This chapter 
then discusses the chronology of three major time periods leading up to the MBA, the Neolithic, 
Chalcolithic and Early Bronze Age. Major shifts in society occurring during these periods are 
also discussed. These important transformations include the adoption of a new subsistence 
economy, changes in settlement patterns and changes in social hierarchy. 
 
Environment 
 Central Anatolia is comprised of the central Anatolian plateau and is shown in Figure 2.1. 
The northern border of the region consists of the Pontic mountains. On the west, south, 
southwest and southeast borders of the region are the Taurus mountains (Arbuckle 2006:43).  
Arbuckle (2006:43) states that the eastern and northwestern margins are not as well-defined but 
that the Sakarya and Kızılırmak rivers are important landmarks. The geography and climate of 
this region is important for understanding health and access to essential resources during the 









 Central Anatolia is made up of approximately 200,000 km2 of fairly open land, 
which would provide an easy landscape for trade and travelling.  The environment consists of 
plains divided by various small mountains (Barjamovic 2011). This landscape also includes 
numerous river valleys, basins and lakes. The elevation of central Anatolian highlands is 
approximately 1,000-1,200 meters (Düring 2011; Kuzucuoğlu 2002). The central Anatolian 
plateau is divided into eastern and western halves by the Kızılırmak River. The area to the west 
of this river is more arid than the area within the bend of the river (Barjamovic 2011).  Most of 
the region is a steppe environment and covered with grass and shrubs, although there are some 
forested areas (Barjamovic 2011; Düring 2011; Kuzucuoğlu 2002; Todd 1980).  
Central Anatolia contains a number of natural resources that were significant during the 
MBA. One of these important resources is obsidian. Central Anatolia contains multiple sources 
of the volcanic glass and this resource was mined for millennia. Various metals are also available 
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in the region, including copper, gold, silver, and lead.  Copper became particularly important 
during the Late Chalcolithic and Early Bronze Age. In addition, salt was an especially significant 
resource and there are multiple sources of salt in the region (Düring 2011:8-10).   
Situated within central Anatolia, Kaman-Kalehöyük in Kırşehir province is located 
approximately 100 km southeast of Ankara (see Figure 2.2) and is situated north of Mount Baran 
on an alluvial fan (Kashima 2006, 2007; Omura 2011). This alluvial fan is cut by several valleys 
and the archaeological site is located in one of these valleys (Kashima 2007, 2008). The location 
of the settlement in a valley is significant as it would have made it easier to obtain underground 
water (Kashima 2008:253). There are two streams located approximately 30 m from the site that 
merge into a spring about 150 m away (Omura 2011:1095) The geology of the area consists of 





Figure 2.2 Map showing the location of Kaman-Kalehöyük in central Anatolia (from Fairbairn 
and Omura 2005:16). 
 
Climate 
 Central Anatolia currently has a continental climate with cold winters and hot, dry 
summers (Barjamovic 2011; Kuzucuoğlu 2002). Climate data from modern times show that in 
the winter the average temperature is -3 °C (~27 °F) and snow can remain on the ground through 
March. In the summer the average temperature is 22 °C (~72 °F) and July and August can be 
particularly hot and uncomfortable (Barjamovic 2011; Düring 2011).  The annual rainfall in the 
region ranges from 300-500 mm (~12-20 in), with slightly lower rainfall in the middle of central 
Anatolia (Düring 2011:11). The climate of this region, in particular water scarcity, would have 
impacted settlement patterns in the MBA and the challenges associated with agriculture, 
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although the region may be drier in modern times than it was in the past.  The climate would also 
have affected trading and travelling, which would have been seasonal activities (Barjamovic 
2011:81). Currently, there is not much information about climate and forest coverage during the 
MBA so it is not known whether these differ greatly from modern times (Barjamovic 2011). 
Barjamovic (2011:82) proposes that the climate may not have changed much based on analysis 
of settlement patterns.  
One of the most important aspects affecting settlements and agricultural production in the 
region is the availability of water (Barjamovic 2011). During the second millennium BCE, while 
the area was semi-dry and perhaps drier than the previous period, periods of greater humidity 
allowed for increases in agriculture (Yakar 2000:17). It is also possible that larger lakes were 
present during the MBA, which may have affected humidity levels and the ability to travel 
through some areas (Barjamovic 2011:84). It is difficult to ascertain how forested this region was 
during the MBA period but it is possible that some areas were covered by woods (Barjamovic 
2011). Düring (2011:15) suggests that the vegetation in the second millennium BCE would have 
been approximately similar to modern vegetation. Any changes in vegetation would have been 
affected by human activities in addition to changes in climate. For example, increases in 
agriculture would have necessitated the clearing of the natural environment, including forests 
(Yakar 2000:18) 
 In modern times, the area around Kaman-Kalehöyük has a climate that is semi-dry with a 
mean maximum temperature in the hottest month of the year of 27.1 °C (80.78 °F) an the mean 
minimum temperature during the coldest month is -2.6 °C (27.32 °F). Kaman, Kırşehir receives 
approximately 45.53 cm (~18 in) of rainfall a year and has an altitude of 1075 m (~3,527 ft) 
(Akman and Daget 1971; Aydoğdu, et al. 2001:1376). Because it is possible that central Anatolia 
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in general is drier in modern times than during the MBA (Barjamovic 2011) these rainfall 
patterns may not accurately reflect the annual rainfall experienced by the inhabitants at Kaman-
Kalehöyük. Pollen analysis indicates that by the 2nd millennium BCE, the area around the site 
had already become deforested (Hongo 1996:82). 
 
Archaeological Chronology: Neolithic to the Middle Bronze Age in Central Anatolia 
 This section discusses the general chronology of central Anatolia from the Neolithic 
through the Early Bronze Age. Major social, political and economic transitions are reviewed in 
order to trace these developments over time and also focus on central Anatolia whenever 
possible. In general, there are gradual shifts in economic and social patterns across time that 
result in increasing stratification and complexity. Increasing sedentism, the adoption of 
agriculture, animal domestication, craft specialization, differential access to wealth and 
increasing centralization are some of these shifts that occur throughout the Neolithic, 
Chalcolithic and Early Bronze Age. These processes result in the political, economic and social 
conditions of the MBA, which is discussed in the next chapter. 
 
Neolithic (9500-6000 BCE) 
The Neolithic of central Anatolia dates to approximately 9500-6000 BCE and is further 
subdivided into periods prior to the adoption of ceramics and the Ceramic Neolithic. For 
example, Yakar (2011b) suggests a chronology with an Early Aceramic Neolithic (9500-8500 
BCE), Late Aceramic Neolithic (8500-7000 BCE), and a Ceramic Neolithic (7000-6000 BCE). 
Sagona and Zimansky (2009) propose a chronology with a Pre-pottery Neolithic (9600-7000 
BCE), which is further divided into Pre-pottery Neolithic A, Pre-pottery Neolithic B and Pre-
pottery Neolithic C, and a Pottery Neolithic (7000-6000 BCE). There are a number of significant 
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shifts in society that occur during the Neolithic, including the adoption of an agropastoral 
economy and changes in settlement. These shifts will be discussed using the approximate 
chronology suggested by Yakar (2011b). 
 One of the most significant aspects of the Early Aceramic Neolithic is increasing 
sedentism and the shift from seasonal campsites to villages (Yakar 2011a, b).  This may be 
related to shifts in obtaining resources with specific foods selected for hunting and gathering, 
leading to reduced mobility, although there is regional variation in this pattern (Yakar 2011a, b). 
On the central Anatolian plateau communities appear to have been mobile prior to the 9th 
millennium BCE. Pınarbaşı is one such example of a temporary settlement, dating to sometime 
before the 9th millennium BCE during the Epipaleolithic. Archaeological evidence from this 
phase of the site suggests seasonally mobile hunter gatherers inhabited the rock shelter 
(Özbaşaran 2011:104-106). Also, evidence for group ritual behaviors at his time exist in Anatolia 
and include feasting (Yakar 2011a:60). The question of whether or not social stratification 
existed during this period remains under discussion. It is possible that religious leaders existed 
(Yakar 2011b) and large communal ritual structures have been found in southeastern Anatolia, 
such as at the site Göbekli Tepe (see Peters and Schmidt 2004). In addition, there is some 
evidence of differences in funerary treatments between individuals that could suggest 
stratification, for example at Körtik Tepe in southeastern Anatolia (Özkaya and Coşkun 2009; 
Yakar 2011b). Thus far sites similar to Göbekli Tepe and Körtik Tepe have not been found in 
central Anatolia in the Early Aceramic Neolithic so the degree of social complexity for this 
region and period is unclear. 
 The Late Aceramic Neolithic was also significant for a number of shifts in 
society, particularly in subsistence economy. During this period there is a decreasing emphasis 
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on hunting and gathering and increases in the cultivation of wild plants and animal domestication 
experimentation (Yakar 2011b). In central Anatolia, in the later half of the 8th millennium BCE, 
sedentary agricultural villages had been established in the region (Özbaşaran 2011:118). Some of 
the important early sedentary sites in central Anatolia include Pınarbaşı, Boncuklu and Aşıklı 
Höyük. The archaeological remains at Aşıklı Höyük, for example, demonstrate continuity in 
multiple phases of building construction (Esin 1996; Özbaşaran 2011). Subsistence at this site 
during this time period was based on hunting and gathering as well as plant cultivation 
(Buitenhuis 1997; Özbaşaran 2011; Stiner, et al. 2014; van Zeist and de Roller 1995, 2003). 
There is also some evidence for animal management at this site, including keeping some animals 
captive, a precursor to domestication (Stiner, et al. 2014). Evidence for tool manufacturing, 
including obsidian, is also seen at this site (Özbaşaran 2011).  
The Ceramic Neolithic also shows evidence of significant changes, including the 
widespread implementation of an agropastoral economy across the region. This period also 
potentially demonstrates increasing social complexity with possible ranking based on ancestry, 
gender and age (Yakar 2011a, b). One important site from this period in central Anatolia is 
Çatalhöyük, a settlement consisting of many buildings that are located close together. 
Subsistence at this site was based upon domesticated animals and cultivated plants as well as the 
hunting and gathering of locally available resources (Özbaşaran 2011:113-114). Symbolism was 
very important at this site as well with wall paintings, figurines, and the installation of ritually 
significant cattle heads inside buildings found at the site. Evidence for “history houses” 
containing special burials are also present and provide insight into ritual and social aspects of 
society. (Hodder 2010, 2011; Hodder and Meskell 2010; Özbaşaran 2011). Hodder and Meskell 
(2010) suggest that these houses, and the special burials they contain, may indicate ancestor 
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worship. Interestingly, there is no evidence for public buildings at the site and the ritual activities 
and items appear to be located in individual houses (Hodder 2011:936-938). Yakar (2011a, b) 
points out that public buildings were not found at sites in Anatolia during the Ceramic Neolithic, 
suggesting that this was a common trend. 
 
Chalcolithic (6000-3000 BCE) 
 The Chalcolithic period in central Anatolia dates to approximately 6000-3000 BCE. 
Yakar (2011a, b) divides this period further into the Early Chalcolithic (ca. 6000-5000 BCE) and 
the Middle and Late Chalcolithic (ca. 5000-3000 BCE). Sagona and Zimansky (2009) divide this 
period into the Early and Middle Chalcolithic (ca. 6000-4000 BCE) and the Late Chalcolithic 
(ca. 4000-3100 BCE). Schoop (2011) provides a slightly different chronology, suggesting a three 
phase Chalcolithic period with the Early Chalcolithic (ca. 6100-550 BCE), the Middle 
Chalcolithic (ca. 5500-4250 BCE) and the Late Chalcolithic (ca. 4250-3000 BCE). With the 
exception of the some aspects of the Early and Late Chalcolithic, this time period is less well 
understood compared to the Neolithic and Bronze Age. However, a number of important changes 
occur, including metallurgy, increases in craft specialization and exchange (Düring 2011). 
While the Early Chalcolithic in Anatolia may not be as well understood as some other 
periods at this time, a number of changes occur and can be seen in the archaeological record. For 
example, during the Early Chalcolithic there is greater emphasis on animal herding and 
husbandry compared to the previous period (Yakar 2011a:59). Also there is an increase in 
interaction with groups outside of the central Anatolian plateau (Yakar 2011a:59). Marciniak and 
Czerniak (2007) suggest that one of the major changes seen in the Late Neolithic and Early 
Chalcolithic is the shift away from community neighborhoods and, instead, a greater emphasis 
on the household as a separate entity. One of the important sites for understanding the Early 
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Chalcolithic on the central Anatolian plateau is Çatalhöyük West (Schoop 2011), although less is 
known about this Western mound compared to the Neolithic settlement on the Eastern mound 
(Marciniak and Czerniak 2007). Marciniak and Czerniak (2007) examine the organization of 
household space at Çatalhöyük, as well as settlement patterns in the region, to show that this new 
focus on the household in the Early Chalcolithic is a significant change in society. By the end of 
the Early Chalcolithic, the social organization of central Anatolia consists of villages that are kin 
based and have well developed agricultural economies (Yakar 2011a:59).  
 During the Middle and Late Chalcolithic period several shifts in society occur in central 
Anatolia. It is during this time period that villages become larger and centralized local 
management of agricultural production begins to emerge. Additionally, there are changes in 
social complexity and possibly the development of hierarchy among the different communities 
(Yakar 2011a, b). Also craft specialization and the export of specialized items may have been an 
economic strategy during the Late Chalcolithic (Düring 2011:255). Çadır Höyük is an important 
site in central Anatolia dating to the Middle and Late Chalcolithic and demonstrates evidence for 
some of these shifts. Subsistence at this site was based on agriculture and herding but community 
members engaged in some hunting and gathering as well. Barley, wheat, pea and bitter vetch 
were all grown (Steadman, et al. 2008:55). Evidence for craft specialization was found at Çadır 
Höyük with one household demonstrating lithic and jewelry production (Steadman, et al. 
2008:54). There is also possible centralized distribution of ceramics at Çadır Höyük with a non-
domestic building that was likely a distribution center (Steadman, et al. 2008:58-59). Some 
degree of social stratification is likely present at as well with the identification of “wealthier” 
individuals (Steadman, et al. 2008:60). All of these features suggest increasing social complexity 




Early Bronze Age (3000-2000 BCE) 
 The Early Bronze Age (EBA) in central Anatolia dates to approximately 3000-2000 BCE 
(from Düring 2011; Yakar 2011b). This period is characterized as a time of increasing 
complexity and urbanization (Steadman 2011). Çevik (2007:137) argues that in much of 
Anatolia, including central Anatolia, this process should be seen more as “centralisation” and not 
“urbanization” with the rise of regional centers and ruling elite individuals (see Figure 2.3). 
These elites, however, did not have as much control over the surrounding rural areas compared 
to those in more urbanized areas, indicating that their power was limited. This process of 
centralization was a vertical transition with the presence of prestige items within fortified public 
buildings. This is in contrast to urbanization, which is a more horizontal transformation 
benefitting all members of society (Çevik 2007:137). This process of centralization may have 
actually begun in the Late Chalcolithic in central Anatolia, with shifts to more hierarchical social 
structures possibly seen at Çadır Höyük and likely other sites as well (Steadman 2011:232). 
Burial patterns during the EBA also reflect increasing complexity and centralization with 
extramural cemeteries containing differences in burial items, which suggests differences in 
socioeconomic status (Steadman 2011:232). One of the best examples of this in central Anatolia 
comes from Alaca Höyük, in which fourteen cist tombs, each containing one to three individuals, 
were discovered and originally referred to as the “Royal Tombs.” These tombs contained a 
number of grave goods, including figurines, jewelry and many metal items. The metals used 
included gold, electrum, silver and copper (Steadman 2011:246). Also, in the latter half of this 
period a large trade network is established. These social transitions occurring during the EBA 




Figure 2.3 Early Bronze Age social developments during the EBA (from Çevik 2007:132) 
 
Summary 
 This chapter has summarized the geography and climate of central Anatolia in order to 
form a better understanding of the environmental challenges present in the region and how they 
might have affected the people living at Kaman-Kalehöyük during the MBA. While there is 
some uncertainty about the exact climate during the MBA, the conditions in central Anatolia 
appear to have been very similar to modern times. This includes a semi-arid continental climate 
and a mostly deforested steppe environment. This chapter has also briefly summarized the 
chronology of the Neolithic, Chalcolithic and Early Bronze Age. Major shifts in economic, social 
and political aspects of society are also discussed. Overall, there are major changes with the 





CHAPTER 3: SOCIAL AND POLITICAL CONTEXT OF THE MIDDLE 
BRONZE AGE IN CENTRAL ANATOLIA 
 
Introduction 
 Processes of urbanization and state formation in the Near East are discussed in this 
chapter. Following this, an introduction to the Middle Bronze Age social, political and economic 
context in Anatolia is presented. This includes discussion on specific aspects of Anatolian 
society that might contribute to inequalities.  Finally, evidence from previous bioarchaeological 
investigations of inequality is given, including examples of types of skeletal data that have been 
shown to be useful in exploring questions related the intersection of health and institutionalized 
inequalities. 
 
Complex Societies and State Formation in the Near East 
 There has been increasing interest among archaeologists in examining the development 
of social complexity, including the evolution of institutionalized inequalities, in the past. Ames  
(2008) has explored the development and identification of social complexity and argues that 
while some form of inequality exists all societies, such as age or sex inequality, complex 
societies have permanent, institutionalized inequalities and differential access to both essential 
resources and prestige items.  It is argued that systems of inequality can be identified 
archaeologically through examining the material record.  This includes understanding the degree 
of economic control, spatial control, and measurements of relative wealth in a society. Specific 
indicators may include mortuary practices, indicators of diet and stress on human skeletons, size 
and construction of domestic architecture and differences in artifact assemblages (Ames, 2008).     
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Price and Bar-Yosef (2010) examine the process of increasing social complexity through 
the archaeological record as they trace the development of inequality in the ancient Near East 
from the Natufian through the Neolithic and argue that it is associated with the adoption of 
agriculture and the production of surplus resources.  In their discussion they use the term social 
inequality, which they argue is “reflected in differential access to labor, resources, and 
information” (Price and Bar-Yosef 2010:149).  They see the emergence of hierarchy evident in 
the archaeological record with the development of storage facilities (for surplus), a possible shift 
in ideas of property ownership (stamp seals), indications of wealth for some individuals (rare, 
exotic items, etc.), the emergence of craft specialists, and monumental architecture.  They 
emphasize the importance of religion in the development of inequality in this region as the very 
first large, public architectural works are ceremonial and would have required an organized labor 
force with leaders in order to accomplish.  The burial record also starts to indicate possible social 
inequalities in the Neolithic with differences in burial treatments (Price and Bar-Yosef 2010).   
 It is the eventual development of a specialized economy in the Near East, with its 
hierarchical structure, that is one of the most important features of the state and urban systems 
(Zeder 1988). A specialized economy is defined by Zeder (1988:3) as “a set of economic 
relations in which there is external differentiation between different economic activities, and 
internal differentiation within related activities whose conduct is characterized by segregation in 
personnel, timing, and locale.” This means that even producing a single item would involve 
different groups of people performing different activities at different stages. For example, one set 
of individuals may be responsible for acquiring raw materials, another might turn these materials 
into a specific item, etc. (Zeder 1988:3). This specialized economy with associated specialized 
decision making is significant as it leads to a relatively small group of people who have an 
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increasing amount of economic and political power, leading to greater inequalities (Zeder, 1988). 
In addition to this system of differential access to centralized power, inheritance of wealth would 
have played an important role. This is because economic inequality increases as the amount of 
wealth that can be inherited across generations increases (Acemoglu and Robinson 2009).  
This process of increasing complexity over time results in a network of competing city-
states, which are present in Mesopotamia in the second half of the fourth millennium BCE 
(Algaze 2008). Algaze (2001) discusses five major features of these city states. First is the 
presence of rulers with religious, military and political power. Evidence for rulers comes from 
iconography depicting a male figure on multiple types of objects (seals, vases, sculptures, etc.). 
Second is the important role of the state in the collection and redistribution of resources. The 
evidence for this comes from texts, iconography and other archaeological finds. Third, there is 
evidence for craft specialization, such as mass produced ceramics and metal working (Algaze, 
2001). Fourth, the state has some form of control over labor with multiple types of laborers who 
receive rations for their work (Algaze 2001, 2008). This can be seen through accounts of 
different types of laborers, including captives, in the texts and the presence of standardized 
bevel-rimmed bowls (Algaze, 2001). Fifth, new types of symbolism were needed to legitimize 
the economic, social and political changes. Writing was one of these new forms and functioned 
as a technology of economic and social control. Depictions of rulers as individuals that mediated 
between the gods and people also served this function (Algaze, 2001).  
 
The Middle Bronze Age in Central Anatolia 
This process of increasing complexity and eventual state formation and urbanization in 
Mesopotamia was also occurring in Anatolia during this time period with greater complexity, 
possible settlement hierarchies, intensified trade and regional changes in the organization of 
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economic production occurring in the Middle and Late Chalcolithic (ca. 5000-3000 BCE) (Yakar 
2011b). In the following Early Bronze Age (ca. 3000-2000 BCE) the emergence of towns, some 
that would eventually become states, are documented, particularly in the second half of the third 
millennium BCE. Some of these towns may have been small kingdoms during the EBA (Yakar 
2011b:436-437). By beginning of the Middle Bronze Age in the second millennium BCE (ca 
2000-1650 BCE), central Anatolia contained multiple city-states and this period also includes the 
introduction of cuneiform writing into the region (Sagona and Zimansky 2009). This city-state 
system in central Anatolia represents the context of the Assyrian Trading Colony period. 
The Middle Bronze Age (MBA) (ca. 2000-1750 BC), also sometimes referred to as the 
“Assyrian Trading Colonies Period” in central Anatolia represents a time of great change with 
the creation of an international trading network established by the Assyrians (Atıcı 2014b; Özgüç 
2003).  It was during this period that the Mesopotamian city Assur set up trading colonies in 
Anatolia (Atıcı 2014a, b; Özgüç 2003).  The written records of the Assyrian merchants describe 
a landscape of competitive independent city-states which allowed foreign traders to act as 
middlemen and offer their services to these states (Barjamovic, et al. 2012).  It is has been 
suggested that the Assyrians may have been attracted to the stable political atmosphere in 
Anatolia for their trading activities as the local kings coexisted fairly peacefully and that trading 
in the region was relatively safe (Bryce 1998). Trade in Anatolia at this time was driven by the 
need for tin, which is essential for making bronze.  Anatolia, while rich in copper, did not 
contain enough tin so donkey caravans were used as transport for the tin trade between 
Mesopotamia and Anatolia (Atıcı 2014a; Özgüç 1988; Sagona and Zimansky 2009; Veenhof 
2010).  Exports from Anatolia included silver, gold, and valuable stones (Michel 2008; Özgüç 
1988).  The Assyrians were also involved in local trade of textiles, wool, and copper in Anatolia 
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(Özgüç 1988).  These trading colonies, through the main colony at the city of Kanesh, were 
controlled from Assur (Michel 2008).  The Assyrians were dependent upon on a network of 
business agents located in the different cities of Anatolia (Barjamovic 2008). Even though the 
local Anatolians were involved in trade they did not have administrative rights over the Assyrian 
colonies (Michel 2008).  Other than control of the trading activities, the Assyrians were not 
politically powerful and the rulers of the city states in Anatolia taxed the Assyrian merchants 
(Özgüç 1988).   
   
Archaeological and Textual Evidence from the Middle Bronze Age 
 A considerable amount of archaeological research has been done on the MBA, 
particularly at the city of Kültepe/Kanesh, and many projects are ongoing. This includes the 
more rural settlement of Kaman-Kalehöyük.  Excavations at Kültepe/Kanesh began in 1893 and 
this long term excavation has led to an abundance of information on the city of Kanesh during 
the MBA (Özguç 2003). This information provides insight into what urban life might have been 
like in this time period.  Kaman-Kalehöyük provides important information on life in countryside 
during the MBA and will be discussed in more detail in Chapter 4.     
 Excavations at some MBA sites, particularly Kültepe/Kanesh, have also unearthed a 
wealth of written records from the MBA.  These documents provide a great deal of information 
about aspects of society during this time period in central Anatolia.  Even though Anatolia had 
contacts with societies that had writing systems, there was no native Anatolian writing system at 
this time (Kulakoğlu 2010).  Therefore, the texts recovered from Kültepe/Kanesh were written 
primarily by Assyrian merchants and commercial firms although some texts written by native 
Anatolians have also been found (Larsen 2000; Michel 2010).  Thus far, over 23,000 cuneiform 
tablets have been recovered from the level II period at Kültepe/Kanesh, mostly found in the 
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personal archives inside the houses of kārum traders, and several hundred texts have been 
discovered from the Ib period (Veenhof and Eidem 2008).  Some of these personal archives 
contain as many as 2,000 tablets and would have been kept in sealed and protected rooms in 
houses (Larsen 2008).  In addition to houses, there are also some important documents from 
monumental buildings such as the palace of Warshama and the official storage building.  While 
these thousands of texts do provide an enormous amount of information, their contents focus 
primarily on accounting and legal documents.  Many other aspects of life are underrepresented in 
these texts (Veenhof and Eidem 2008).  Common types of texts include letters, contracts, loans, 
treaties, lists, and scribal exercise texts (Michel 2010; Veenhof and Eidem 2008).  Both private 
and public records are represented.  While many of the private records from level II come from 
the houses of Assyrians, at least some come from the archives of native Anatolian traders, 
especially in the Ib period when more of the houses in the kārum belong to Anatolians (Veenhof 
and Eidem 2008).  It is important to note that most of the written tablets from Kanesh come from 
a rather short time frame, approximately 40-50 years (Barjamovic, et al. 2012). The combination 
of long term scientific excavations and a large number of written documents allows for a better 
understanding of the political, social and economic structure of the region. This information 
provides insights into the types of institutionalized inequalities present during the MBA.     
 
Social and Political Organization 
During the MBA, the political structure in Anatolia was that of independent Anatolian 
city-states, each of which was ruled by a king, queen, or royal couple (Barjamovic 2008; Özgüç 
2003, 2004; Veenhof and Eidem 2008).  These cities were fortified with walls and contained 
monumental architecture, such as palaces and temples (Özguç 2004).  The kings and queens 
were the head of the palace administration that included workers, craft specialists, and numerous 
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palace officials (Veenhof and Eidem 2008).  Among the many city-states in Anatolia it is 
important to note that some were larger than others and had greater power.  Because of this, 
some of the smaller city-states were subordinate to the more powerful ones, essentially they were 
vassals.  The various city-states in Anatolia were not under the control of the Assyrians and the 
texts do not support the hypothesis of the existence of an Assyrian empire in this region.  Instead, 
the relationships between the Anatolians and Assyrians were based on economic interests with 
the Assyrians relying on agreements with local rulers in order to establish their trading activities.  
These agreements included taxes that were required to be paid by the Assyrians to the Anatolian 
rulers, such as the nishhatum or basic tax of 3% on tin and 5% on textiles.  The palaces also had 
the right to buy 10% of the textiles before they were marketed elsewhere and limit the trade of 
certain goods, such as meteroric iron.  Assyrians that violated the agreements could be tried and 
then fined or imprisoned (Özguç 2003).   
 Kanesh has been identified as one of the major city-states in Anatolia during the MBA.  
Some of the specific kings of Kanesh have been named in the texts although others refer to the 
palace in general (Özguç 2003).  The known kings include Inar, Warsama, who was the son of 
Inar, and Anitta (Veenhof and Eidem 2008).  Kanesh has been identified as one of three 
“mat/country” in which “Mat Kaniš” was one of the cities with a great king and Kanesh had its 
own city-state vassals (Özguç 2003).  It is clear from the texts that the rulers of Kanesh 
considered themselves to be powerful kings, or “real kings” that had vassals; referred to by a 
word that means “servants”, “dogs”, and “petty rulers.”  There is mention in one text of concern 
that one of the vassals would be rebellious and benefit from the defeat of Kanesh.  However, it is 
also possible that a main city such as Kanesh had vassals that had no choice but to recognize the 
king of Kanesh as their overlord and provide military support (Veenhof and Eidem 2008).    
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Another example of the regional power of Kanesh can be seen from the level II period when a 
queen of Kanesh had political control of three nearby city-states (Dercksen 2008a).  These 
examples suggest that the city of Kanesh had a higher status than most other city-states in central 
Anatolia at this time.       
The kings at Kültepe/Kanesh played a critical role in both internal and international 
affairs.  They controlled the trade relationships with the Assyrians through legal agreements, 
some of which are preserved in the texts.  The kings also regulated relationships with other 
Anatolian city-states, which at times were peaceful and at other times unfriendly, through 
treaties.  It is thought that conflict between Kanesh and other city-states was the cause of the 
destruction at the end of levels II and Ib.  Another important role for the kings at Kanesh was to 
regulate legal dealings between Anatolians in the city (Özguç 2003).  Also, the lower class, 
which was most of the population, had a service obligation to the palace of Kanesh, although the 
king could rule that certain groups of people were exempt from this obligation (Dercksen 2004).                                      
 In addition to kings, the palace and administration contained a variety of different people 
fulfilling different functions and many of these are mentioned in the tablets. For example, the 
highest ranking official in the palace at Kanesh besides the king was the Crown Prince, who was 
in charge of the palace and had the title “Chief of the Stairway” prior to becoming king.  A 
number of different officials underneath the Crown Prince existed, including the “District 
Commander”, the “Chief of the Storehouse”, the “Carpenter”, and the “Smith”.  Other titles in 
the bureaucracy included the “Military Commander in Chief-General”, “Chief of the Scepter”, 
“Chief of Weapons”, and “Chief of the Table” to name a few.  This provides information on the 
hierarchical organization of the palace and state (Özguç 2003).   
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Evidence from texts discovered at Kanesh also demonstrate that the region was 
comprised of diverse ethnic groups during the MBA including Hattians, Assyrians, Hurrians, and 
Amorites.  This resulted in heterogeneous city-state populations and complex interactions 
between the different ethnic groups (Dercksen 1996; Veenhof 1995).  Because of the ethnic 
diversity a variety of languages were spoken in the city of Kanesh including Hattian, Hurrian, 
and the Indo-European languages Hittite and Luwian.  Of these different groups, the Hattians 
were the local Anatolian population (Özguç 2003).  The ethnic identity of specific households at 
Kanesh is determined through examination of the tablets found in the private archives (Michel 
2008).  
 
Subsistence and Economy 
The subsistence economy during the MBA may be described as agropastoral and was a 
central part of the local Anatolian society both as a food source and for trade, which are essential 
for surplus and wealth.  This can be seen through investigation of major events in Anatolian 
society that are concerned with agropastoral activities (Atıcı 2014a; Lassen 2008).  Due dates for 
Anatolian debts were also often associated with agricultural events (Veenhof and Eidem 2008).  
Examples include “picking of the grapes”, “time of ploughing”, “harvest”, and “the plucking of 
the wool” among others (Atıcı 2014a; Lassen 2008; Veenhof and Eidem 2008).  At the city of 
Kültepe/Kanesh, the agropastoral subsistence economy was controlled by the palace through the 
large centralized bureaucracy (Atıcı 2014a; Dercksen 2000).  It was dependent on family 
households to do the herding and food production.  Gardens and the fields for barley and wheat 
were located in fertile areas surrounding the city (Dercksen 2004).  The land used for agricultural 
production was owned by local Anatolians and the palace at Kanesh owned some of these lands 
as well (Atıcı 2014a; Dercksen 2008a).  It is unknown, however, to what degree the palace at 
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Kanesh had control over agricultural land and production in general although they may have 
been entitled to a percentage of the produce (Dercksen 2008a).    
The importance of the agropastoral economy can also be seen in the greater than 40 titles 
of some of the specific bureaucrats. These include “chief of the market”, “chief of vegetables”, 
“the head of irrigated fields”, “chief shepherd”, “shepherd of the queen”, “chief of goats”, and 
“chief of horses” (Dercksen 2008a). These titles demonstrate the centralized control over 
production.  Other occupations for local Anatolians included millers, brewers, and bakers as well 
as many other occupations (Atıcı 2014a; Lassen 2008; Özgüç 2003).  The primary livestock were 
sheep, goats, cattle, and pigs.  Horses and donkeys were also utilized for transportation (Atıcı 
2014a; Özgüç 2003).  Domesticated plants included wheat, which was the preferred grain of the 
elite, and barley (Dercksen 2008a; Özgüç 2003).  Wheat and barley were also used as currency 
for the payment of debts or interest (Dercksen 2008b).  Other crops grown in gardens included 
vegetables and fruits, such as onions, grapes, apricots, peaches, cherries, pears, and apples 
(Dercksen 2008a).  
 Only a little information is available at this time about the countryside during the MBA 
period.  At Kültepe/Kanesh it is known that the individuals living in the rural settlements would 
have been responsible for producing the crops that sustained the people at the city but other 
crafts were likely performed inside the city itself.  The inhabitants living in the rural areas would 
have been tied to Kanesh economically, politically, and socially.  Villagers would have included 
free farmers, those that belonged to members of the urban elite society, and those that were tied 
to the palace estates or estates given by the king to other officials.  In some cases the villages 
were treated as property and could be pledged or sold (Dercksen 2004).  Other than this, it is 
known that the Assyrians purchased their food and drink from local Anatolians, likely through 
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local traders, instead of purchasing land and cultivating fields themselves.  While there is some 
mention of towns and villages in some of the cuneiform texts, they are often only recorded as 
names and little is known of them.  Generally they are either listed as a place where a specific 
Anatolian came from or a place where an Assyrian incurred expenses (Veenhof and Eidem 
2008).  There is an example, however, of one village owing a debt of grain to Kanesh which they 
were required to bring to the city (Dercksen 2004).  This information provides insight into the 
nature of power relations in Anatolian society and the system of inequality in the MBA.    
 Even with a lack of much detailed information about the countryside, it is possible to get 
a general understanding of the relationships between a city like Kanesh and the territory around 
the city.  For example, tablets containing the word meaning “land “ (mätum), which also may 
refer to the rural population or “hinterland”, have been discovered and these could sometimes 
refer to territory that belongs to a specific ruler.  The inhabitants of this territory may have been 
obliged to pay taxes and render some services to the ruler.  The ruler, in turn, would be 
responsible for defending that territory.  One example of this meaning of “land” in the texts 
occurs when a queen of Kanesh warns three other city-states and her “own land” to keep watch 
for smuggling. (Veenhof and Eidem 2008).  A number of other potential regional settlements 
have been identified and in general it seems that the city of Kanesh was encircled by a densely 
populated agricultural countryside.  Even beyond these agricultural lands, a much larger area was 
under the political control of the city of Kanesh.  One possible estimate for the size of this area 
controlled by Kanesh is 1,700 km2 and would also have included areas with sparse population 






Inequalities during the Middle Bronze Age  
 Recent research has investigated inequalities in Anatolian society and demonstrated that 
access to animal resources was linked to socioeconomic status (Atıcı 2014b).  The evidence for 
this includes MBA texts from Kanesh that discuss the costs of purchasing different types of 
animals (sheep, cattle, etc.) and animal products, such as meat.  Due to the high costs associated 
with purchasing some animals, it has been suggested that only wealthier individuals at the city of 
Kanesh would have been able to afford to eat meat on a regular basis (Atıcı 2014b; Dercksen 
2008b). This wealthy socioeconomic group would have been limited to the local Anatolian elite 
class and the families of the Assyrian merchants.  Conversely, local farmers would only have 
been able to consume meat occasionally (Dercksen 2008b). For example, at the village of Alişar 
animals were not produced primarily for their meat but rather only butchered when the animals 
were no longer useful for other purposes (Dercksen 2008b:94).  Also, the textual evidence has 
suggested differences in consumption of plant sources between socioeconomic groups with 
wheat being preferred by the elite sectors of society while barley was consumed by those of 
lower status as well as by livestock (Dercksen 2008a; Özgüç 2003). In addition, archaeobotanical 
evidence for likely prestige foods have been found, including hazelnuts, figs and pomegranate 
(Fairbairn 2014; Fairbairn, et al. 2014).    
 While relatively little is known archaeologically about rural settlements from this period 
during the MBA, some textual sources provide insight into village life and potential inequalities.  
It is suggested based on information in the cuneiform texts that local Anatolians living in villages 
would have been subservient to those of higher status living in the cities.  For example, 
individuals living in rural communities would have been dependent on farming in order to feed 
themselves and their families.  When crop harvests were insufficient they would have had to 
borrow from others, such as officials from the city, who were in a position to have excess 
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resources.  Failure to repay their lenders could have serious consequences including the loss of 
the promised crops and even loss of the land owned by the local farmer (Dercksen 2008b).  One 
example of this found in a cuneiform text from Kültepe/Kanesh lists as a debtor a town called 
Talwahšušara that owed silver and multiple sacks of grain to their creditor Peruwa, who was the 
Chief shepherd (Dercksen 2008b:88).  It has been suggested by Dercksen (2008b) that in this 
example of the town of Talwahšušara, Peruwa may have owned the town and the debt listed in 
the records may have been essentially the rent. In general, it is often the case that cuneiform 
records of debts of grain list Anatolians as the debtors, with creditors that were also often 
Anatolians that likely owned larger portions of land, which is why they were able to afford to 
make loans (Dercksen 2008b). Dercksen (2008b) points out that while the organization of the 
rural communities during the MBA is still not fully understood at this time, around the city of 
Kanesh it seems that the rural towns were important for the generation of food surplus that was 
then brought to Kanesh and sold.  
 Another aspect of inequality during the MBA in central Anatolia concerns the practice of 
slavery.  The buying and selling of slaves, either between local Anatolians or between Anatolians 
and Assyrians, has been documented in the cuneiform records.  It is important to note that all of 
the names of slaves that have thus far been found in the texts are Anatolian names and indicate 
that it was often individuals from the local population, not outsiders, who were required in some 
instances to become slaves.  A common scenario was that individuals who were unable to pay 
the high interest rates on their loans would become the slaves of their creditors (Özguç 2003).  
Additionally, a debtor’s wife and children could be promised as slaves in the case of default on a 
loan (Veenhof and Eidem 2008).  The practice of slavery provides another dimension of how the 
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social, political, and economic atmosphere of central Anatolia during the MBA led to 
inequalities in Anatolian society and may have impacted health among some individuals.  
 These indications in the texts of socioeconomic inequalities in Anatolian society provides 
preliminary evidence that unequal access to resources, and potential resulting differences in 
health profiles, may have characterized the MBA in central Anatolia.  However, these 
hypotheses need to be tested further. 
 
Bioarchaeological Investigations of Inequalities 
Some bioarcaheological investigations into the health impacts of institutionalized 
inequalitites in societies have been performed (for example see Martin, et al. 1984). They are 
important because the structures that occur with increasing complexity and the formation of 
states, including class stratification, generally have a negative impact on health, particularly for 
the poor (Cohen 1998). Goodman and colleagues (1995) discuss the utility of using skeletal 
indicators of health for bioarchaeological investigations of inequalities in the past.  Goodman 
(1998) argues that bioarchaeologists need to move beyond descriptive analyses of health and 
consider how differential access to power and ideology may have affected health in the past.  A 
series of case studies demonstrating the utility of this approach is then presented, such as 
differences in linear enamel hypoplasia prevalence between social classes in medieval Sweden.  
In this example, the LEHs showed that high status and landowning individuals were the least 
stressed during childhood and “indentured slaves” were the most stressed (Goodman 1998; 
Goodman, et al. 1995).   
Recently, this the impact of inequalities on health disparities in the past has been 
examined and theorized through a structural violence model by Klaus  (2012), who argues that 
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stressors applied by society are an important factor because they control an individual’s ability to 
access important resources, such as adequate living conditions and safe drinking water.  One of 
the biological effects of unequal access to these resources can include a less effective immune 
system, leading to biological disruptions. These can include disruptions in growth and higher 
morbidity (Klaus 2012).   
 Klaus (2012) demonstrates the utility of this approach through a case study from Colonial 
period Peru.  In Peru, during the early Colonial period, the Spanish had two major goals: 1) 
obtaining the maximum amount of natural and human resources as possible and 2) converting the 
Native peoples into Catholics that contributed to the economy and paid taxes to the Spanish 
(Klaus 2012:37).  Under Spanish colonial rule, these Native groups formed the lower tiers of 
society and often had low paying, labor intensive occupations.  This hierarchy, that marginalized 
the Native groups, was justified through Spanish viewpoints of race as biologically determined 
(Klaus 2012).  
  In order to examine the health effects of Colonial period structural violence, Klaus (2012) 
compared a sample of Pre-colonial Muchik individuals to a sample of Muchik living under 
Spanish colonial rule.  Multiple lines of evidence were gathered from the skeletal analysis in 
order to address the question of inequality/structural violence.  These skeletal indicators included 
linear enamel hypoplasias, porotic hyperostosis, subadult growth, adult stature, periostosis on the 
tibiae, female fertility, dental caries, antemortem tooth loss, and degenerative joint disease 
(Klaus 2012).  The results of this study demonstrated health differences between the Pre-colonial 
and Colonial period samples.  For example, patterns of degenerative joint disease in the Colonial 
period sample shows how the bodies of the native Muchik were used for resource extraction to 
support the colonial state.  There were also declines in adult and subadult health in the Colonial 
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period as well as changes in diet that may have occurred as a result of institutionalized 
inequalities (Klaus 2012).  This case study presents an example of the utility of these indicators 
of biological stress, when combined with the archaeological and historical contexts of the 
skeletal remains, in addressing these questions. 
 
Summary 
Archaeological investigations of sites in the Near East from a range of time periods have 
provided a considerable amount of information about the development of social complexity, 
urbanism and state formation in this region. This process results in a system of city-states present 
in Mesopotamia and Anatolia during the Middle Bronze Age. These city states are characterized 
by centralized power, administrative bureaucracies and specialized economies. This hierarchical 
system results in differential access to power and resources, including differential access to 
certain foods. It is possible that this would result in differential health outcomes, with potentially 
poorer health in individuals of lower socioeconomic status. Previous bioarchaeological studies 












CHAPTER 4: MATERIALS AND METHODS 
 
Introduction 
The goal of this research is to provide baseline data for investigating the effects of social 
inequalities on rural communities during the Middle Bronze Age (MBA) (ca. 2000-1750 years 
Before Current Era) in central Anatolia (present-day Turkey). In particular, this project attempts 
to address the impact of the political landscape during the MBA on population health at the 
village site Kaman-Kalehöyük using multiple lines of evidence. This was accomplished through 
the thorough documentation and analysis of human skeletal remains at Kaman-Kalehöyük.  More 
specifically, all MBA Assyrian Colony period skeletal remains from this site were examined for 
health indicators of biological stress, activity patterns, and trauma in order to assess whether a 
biological signature of health is present at this MBA rural community. These data were then 
combined with information about the archaeological context of the Assyrian Colony human 
skeletal remains in order to get a better understanding of the social and political processes that 




Kaman-Kalehöyük is a multi-layer archaeological site located 3 kilometers east of the 
city Kaman in Kırşehir, Turkey (Omura 2011). This site has been excavated by the Middle 
Eastern Cultural Center in Japan since 1985 (Omura 2011).  Kaman-Kalehöyük is a small, 
circular mound site that is 16 meters high with a diameter of 280 meters and it is located in the 
bend of the Kızılırmak river in central Anatolia (Hongo 2004; Omura 2011) in an area that is 
ideal for agricultural production (Fairbairn and Omura 2005).  There are three trenches under 
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excavation at the site currently: The North Trench, the South Trench, and the City-Wall Trench 
(Omura 2011:1096).  
The stratigraphy of Kaman-Kalehöyük shows four major divisions: 1) Stratum I 
Ottoman/Islamic period (1400-1600 C.E.); 2) Stratum II Iron Age (1200-400 B.C.E.); 3) Stratum 
III Middle and Late Bronze Age (2000-1200 B.C.E.); and 4) Stratum IV Early Bronze Age 
(2300-2000 B.C.E.) (Omura 2006, 2011).  These strata are divided even further into (from 
Omura 2011:1097-1108): 
Stratum 1a 1-3: Ottoman Period 
Stratum 1b 4-5: Byzantine Period 
Stratum IIa 1-2: Hellenistic Period 
Stratum IIa 3-5: Late Iron Age 
Stratum IIa 6-11: Middle Iron Age 
Stratum IIc 2-3: Middle Iron Age 
Stratum IId 1-3: Early Iron Age 
Stratum IIIa: Hittite Empire period 
Stratum IIIb: Old Hittite period 
Stratum IIIc: Assyrian Colony period 
Stratum IVa 1-4: Intermediate Period 
Stratum IVb 5-6: Early Bronze Age 
This research focused on human skeletal materials that have been excavated since 1992 
from the North Trench and that date to the Middle Bronze Age (MBA) Stratum III, particularly 
from the period of the MBA that dates to approximately 2000-1750 years Before Current Era 
(often referred to as the Assyrian Trading Colony period, Assyrian Colony period or the Old 
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Assyrian period, Stratum IIIc at Kaman-Kalehöyük), in order to gain an understanding of the 
health profiles of the residents of this site during this period. 
Kaman-Kalehöyük was a small decentralized settlement, probably a regional town, in 
central Anatolia during the MBA (Atıcı 2005) and the chronology of the site has been 
established through radiocarbon dating, artifactual evidence, and architecture (see Omura 1996, 
1999, 2011).  Faunal studies have demonstrated that the pastoral subsistence economy at Kaman-
Kalehöyük was important and primarily included sheep/goat, cattle, and pigs (Atıcı 2003, 2005).  
Small numbers of wild animals have also been found in MBA contexts and include ducks, deer 
and hares (Hongo 1996). Archaeobotanical analyses have revealed that a number of cultigens 
were produced at Kaman-Kalehöyük during the MBA and the large number of storage pits at the 
site demonstrate the importance of agricultural production. Remains of cultivated plants, 
obtained from these storage pits, shows that hulled barley and bread wheat were important crops. 
Einkorn wheat and chickpea were also produced at this site and other possible crops include 
lentil, bitter vetch, pea and flax. It appears that immigration farming was not practiced at Kaman-
Kalehöyük during the MBA (Fairbairn and Omura 2005). Material remains such as seals and 
ceramics excavated from the site suggest that the MBA occupation at Kaman-Kalehöyük was 
contemporaneous with the urban site Kültepe/Kanesh (Hongo, 1996).  Hongo (1996) suggests 
that the material culture at Kaman demonstrates the influence from the “Assyrian Colony” on 
Kaman even though Kaman did not itself contain an Assyrian merchant colony.  Research at this 
site is still ongoing and will help to clarify the role of this small village in the larger political and 
economic landscape of the MBA in central Anatolia.     
 
Human Skeletal Remains at Kaman-Kalehöyük 
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 Skeletal remains of multiple individuals have been excavated at Kaman-Kalehöyük from the 
MBA levels. Preliminary descriptions of a small sample of the MBA human skeletal remains 
from the site have been published by Hunt (2005, 2006, 2007) and an analysis of the Room 148 
and Room 150 skeletal remains was published by Katayama (1998) but this research is the first 
comprehensive study of all of the MBA human skeletal remains that has been performed.  In 
addition, there is very little skeletal evidence currently available from any MBA sites in central 
Anatolia, which hampers our understanding of this important time period.  Therefore the goal of 
this project was to provide a complete analysis of the MBA human skeletal remains from the 
Kaman site in order to contribute to ongoing studies of the political landscape of the region 
during the MBA.  This was achieved through the use of multiple lines of evidence to address 
various health conditions that may relate to potential inequalities during the MBA. 
 In order to interpret the skeletal data collected from these remains, it is important to first 
understand the archaeological contexts in which they were found.  Many of the MBA human 
skeletal remains come from burned architectural complexes.  Excavations at Kaman-Kalehöyük 
from 1994 through 2003 unearthed two burned architectural complexes. The first architectural 
complex, excavated in 1994 and 2000 from Sectors XII and XXVIII, includes Room148, Room 
150, Room 298, Room 305 and Room 306 (Omura 2001, 2005). The second architectural 
complex, excavated in 1998 in Sectors 0, I, XXI, XXII, includes Room 153 and Room 208 
(Omura 2001, 2005).  In 2004 a third burned architectural complex was unearthed in Sectors 
XXVIII and XXX and includes Room 367 and Room 370 (Omura 2005). It appears that these 
rooms belong to a public building rather than individual houses (Omura 2011). Omura (2011) 
suggests that this might even be a small trading center based on the types of artifacts recovered. 
This amounts to a total of nine rooms (see Figure 4.1) dating to the Assyrian Colony period, all 
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of which are burned (Omura 2011). The room contexts with human skeletal remains, and any 
other contexts with Assyrian Colony period human skeletons, will be discussed separately in 
more detail below. 
 
Figure 4.1 Map of the MBA Assyrian Colony period architecture.  
From Omura (2011:1107). Arrows point to some of the burned contexts that will be discussed in 
more detail (Room 148, Room 150, Room 153, Room 370). 
 
Room 148, Room 150 and Courtyard 
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 While there are a number of contexts at Kaman-Kalehöyük that contained human skeletal 
remains, the architectural complex including Room 148, Room 150 and the courtyard area 
directly outside of these rooms likely has the highest concentration. Room 148 and 150 are two 
burned Assyrian Colony rooms, located next to each other, that contained numerous burned 
human skeletons (Omura 1996). In some cases, the fire damage was so severe that even burned, 
preserved human brain tissue was left inside the skulls of some individuals (Hongo 1996).  The 
materials in these contexts appear to date to the mid-18th century BCE, which is the end of the 
MBA period referred to as the Assyrian Trading Colony Period (Omura 1996; 2011).  
Excavations of the first layer of burned remains from Room 150 unearthed three skeletons, 
thought to represent two children and an adult.  Under these three individuals, another potential 
twenty three skeletons were discovered, all though to be males (Omura 2011). All of these 
skeletons were badly damaged by the fire (Omura 2011).  Room 148 contained the remains of 
approximately three individuals (Katayama 1998; Kaman-Kalehöyük Field Notes 1994). The 
courtyard also had multiple human skeletons that had been damaged by fire (Omura, 2011).  
 Also associated with these buildings, near some of the skeletal remains, copper alloy 
spearheads, swords and daggers were discovered, leading to an interpretation of the fire as 
possibly resulting from some sort of violent interaction (Akanuma 2004, 2007; Omura 2007, 
2011).  In particular, a spearhead was found embedded in the thorax of one of the adult 
individuals in Room 150 (S1) (Matsumura, personal communication 2014; Omura 2011). It has 
been suggested that the fire at Kaman, at the end of the Assyrian Colony phase of the MBA, is 
tied to other instances of destruction at MBA sites across the region and may be connected to the 
development of the Old Hittite Kingdom (Hongo 1996). For example, this find at Kaman has 
been compared to a similar context in the Assyrian merchant colony (kārum) area of Kanesh 
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where human skeletal remains were discovered in a courtyard and in rooms (Greaves and 
Helwing 2001).  Omura (2011) concludes that the evidence from this context suggests that there 
was a battle between two groups of people at the site. It is possible that the first group died inside 
the buildings, and were mostly killed by fire, and the second group died in the courtyard (Omura 
2011). Prior to this research, far no conclusive injuries that occurred around the time of death 
(perimortem), which would potentially support the idea of a violent interaction, have been 
identified on any of the skeletal remains from the MBA burned areas at Kaman but this may be 
impacted by the poor preservation of the remains. 
 Katayama (1998) performed an analysis of the skeletal remains from Room 148 and Room 
150, where he estimated that there were 3 individuals in Room 148 and 19 individuals in Room 
150.  He further estimated that there were 5-10 individuals outside of these rooms in the 
courtyard (Katayama 1998). Tables 4.1 and 4.2 list the age/sex estimates assigned by Katayama 
(1998). Because this is based on a summary translation of the article from Japanese, terminology 
is reported as accurately as possible and tries to preserve the original meaning. Age ranges used 
by Katayama (1998) for Middle Age or Old are not known but are terms that are usually used to 
describe individuals  35-50 years (Middle Adult) and 50+ years (Old Adult) when used by other 
researchers (see Buikstra and Ubelaker 1994). 
 
Table 4.1: Room 148 (Katayama 1998) 
Skeleton # Age Sex 
S1 30 − 40 yrs Male 
S2 6 − 8 yrs Undetermined 
S3 Middle Age Female 




Table 4.2: Room 150 (Katayama 1998) 
Skeleton # Age Sex 
S1 ~44 yrs Male 























P. Middle Age 
30 yrs 
5-7 yrs 
P. Middle Age 
Middle Age or Old 
14-18 yrs 























This reports the age and sex information reported in Katayama (1998). 
 Katayama (1998) found that many of the individuals were commingled. Katayama (1998) 
also suggested that many of the individuals inside the rooms likely burned to death and/or were 
crushed by the roof, although one male individual in Room 150 was found to have perimortem 
cut marks and was associated with a bronze weapon.  All individuals were burned and the 
disposition of the skeletons indicated a chaotic scene.  Finding so many deceased individuals in a 
context such as this is unusual so it is suggested that they were part of some conflict (Katayama 
1998). 
 Hunt (2005, 2006, 2007) also performed anthropological analysis of some of the Assyrian 
Colony human skeletons.  She included age, sex, pathology, stature and preservation in her 
reports but did not include much information about the archaeological contexts in which they 
were found.  Tables 4.3-5 list her age and sex estimates for Room 150, Room 370, and Room 
151. Hunt (2007) also examined HS 06-01, only a left femur, estimated that this was an adult 
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individual over the age of 35 years and approximately 142-150 cm in height.  Stature and 
pathology were not noted for any of the other Assyrian Colony human skeletons.   
 
Table 4.3: Room 150 (Hunt 2005) 
Skeleton # Context Age Sex 
S9 Room 150 6-8 yrs Undetermined 
S11 Room 150 Juvenile Undetermined 
This reports the age and sex information reported in Hunt (2005). The original terminology from 
the article is used. 
 
 Table 4.4: Room 370 (Reported as Room 317 in Hunt 2005) 
Skeleton # Context Age Sex 
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This reports the age and sex information reported in Hunt (2005). The original terminology from 








Table 4.5: Outside Room 150 (Reported as Room 151 in Hunt 2006) 
Skeleton # Context Age Sex 

































This reports the age and sex information reported in Hunt (2006). The original terminology from 
the article is used 
 
Room 370 
 In 2004 the burned architectural complex of Room 367 and Room 370 was excavated at 
Kaman-Kalehöyük.  Both of these rooms were found to be damaged by fire and by pits from 
other time periods (Omura 2005). Inside Room 370 several burned human skeletons were 
discovered.  There appeared to be approximately 11 individuals and many were thought to be 
infants aged about 2-3 years (Omura 2005). This Room is thought to date to the middle of the 
18th century B.C.E., which is the late Assyrian Colony period, based on associated artifacts and 
is therefore contemporaneous with Rooms 148 and 150 (Omura 2005). In addition to the human 
skeletons, a bronze stamp seal, some bronze pins, a ceramic bowl and a clay stopper were also 
found in the area around Room 370 (Omura 2005).  
 
Room 153 and Outside (Wall 4-7) 
Room 153 is a room found in a burned architectural complex that was excavated from 
Sectors 0, I, XXI, and XXII (Omura 2001, 2005). This room is associated with other burned 
rooms dating to the Assyrian Colony period (Omura, 2005, 2011). Human skeletons were found 
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within Room 153 as well as outside of the room by Walls 4-7 (Kaman-Kalehöyük Field Notes 
1994). 
Pit 1426 
Pit 1426 was discovered in 1996 in Sector XXIV.  It was found adjacent to Pit 1233 on 
the southeastern side of the pit. When this pit was excavated burned mud brick and a large 
amount of burned human bones were discovered. Bronze items were also found in this pit 
including a bronze needle and a bronze ring (Kaman-Kalehöyük Field Notes 1996). 
 
1992 Skeleton 
 One MBA human skeleton was excavated in 1992. This individual is thought to be 
contemporary with Room 96, which dates to the MBA. The skeleton and Room 96 were both 
found to be burned (Matsumura personal communication 2017). 
2000 Human Skeletons 
 Human skeletal material from at least one context was discovered in 2000. At least one 
burned individual was found in the doorway between Room 148 and Room 306. This individual 
was found underneath a burned animal skeleton (Kaman-Kalehöyük field notes 2000; 
Matsumura personal communication 2017). A Bronze dagger and clay brush were found near 
this individual as well (Omura 2001:27).  
2006 Human Skeleton 
 HS 06-01 was an isolated left femur found on top of burned soil in Sector VIII (Kaman-




2011 Human Skeletons 
 HS 11-01 was found in Sector VIII under a floor near Pit 1913 and Pit 3117. It was 
thought to be a child based on its small size. HS 11-02 was found in Sector VII in Pit 3142.  It 
consisted of a skull only and was thought to be a child. HS 11-03, 11-04 and 11-05 were found in 
a burned layer in Sector VIII near Room 390.  It is possible that this burned layer is associated 
with structures from Sector VII. The layers in Sector VII and Sector VIII excavated in 2011 
appear to be contemporary (Kaman-Kalehöyük Field Notes 2011). 
 
2012 Human Skeletons 
 HS 12-1 was found in North Sector VII under Wall 64 in the vicinity of Room 415.  The 
lower portion of the skeleton was missing (Kaman-Kalehöyük Field Notes 2012).  HS 12-2, an 
infant skeleton, was found in North Sector VIII to the west of Pit 3171 (Kaman-Kalehöyük Field 
Notes 2012).  
 
Methods 
Inventory and Minimum Number of Individuals (MNI) 
 A complete, systematic inventory of all human bones and bone fragments was performed 
and entered into a Microsoft Excel spreadsheet.  This includes the identification and siding of 
every human bone fragment when possible.  Identifications used information provided by White 
et al. (2012) when necessary to aid in identification of bone fragments.  All major bony 
landmarks (from White, et al. 2012) present on each bone and fragment was recorded as well in 
order aid in the assessment of the minimum number of individuals.  The final estimate of the 
minimum number of individuals (MNI) was based on the skeletal element that is most 
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represented in the sample for each context (Stodder and Osterholtz 2010; White 1992).  This was 
an essential first stage of the analysis as systematic recording of all of the human skeletal 
remains at the site is critical for accurate estimation of the sample size and for reconstruction of 
the site demography during the MBA.  Also, this was especially critical for some of the 
commingled deposits, which have not been completely analyzed for MNI and therefore confound 
reconstructions of demographic and health profiles at this site.  Estimation of the MNI also helps 
to clarify some of the questions regarding the occupation of the site as well as population health 
at Kaman-Kalehöyük.   
 
Biological Profiles and Metric Analysis 
 Established methods were used for estimating sex, age-at-death, and living stature (Buikstra 
and Ubelaker, 1994 and the references contained therein) (see Appendix I). Specifically, sex was 
estimated for adults based on cranial and pelvis morphology (following Buikstra and Mielke 
1985; Buikstra and Ubelaker 1994; Milner 1992; Phenice 1969), features of the skull (Acsadi 
and Nemeskeri 1970; Buikstra and Ubelaker 1994) and measurements of the long bones (Bass 
2005).  Specific features of the pelvis included the shape of the pubis, presence or absence of a 
ventral arc, presence or absence of a subpubic concavity, isciopubis ramus ridge, greater sciatic 
notch and preauricular sulcus. Features of the skull that were used for sex assessment included 
the nuchal crest, mastoid process, supraorbital margin, supraorbital ridge and the mental 
eminence. Age-at-death was estimated for adults using features of the os coxa when possible 
(Brooks and Suchey 1990; Buikstra and Ubelaker 1994; Lovejoy, et al. 1985; Meindl and 
Lovejoy 1989; Suchey and Katz 1986; Todd 1920; Todd 1921) and the skull (Buikstra and 
Ubelaker 1994; Meindl and Lovejoy 1985). Specifically the morphology of the pubic symphysis 
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and the auricular surface were examined for the pelvis and cranial suture closure was scored for 
the skull. Subadult age-at-death was estimated through examination of epiphyseal fusion, long 
bone length, and dental development and eruption (Anderson, et al. 1964; Bass 2005; Hillson 
1996; Johnston 1962; Scheuer and Black 2000; Smith 1991).  
 Standard cranial and postcranial measurements (see Appendix I) were taken following 
Bass (2005), Fazekas  and Kosa (1978) and Buikstra and Ubelaker (1994) for adult and subadult 
individuals.  These measurements are useful for examining nutrition and health in both subadult 
and adult groups as well as overall robusticity for adult individuals (Buikstra and Ubelaker 
1994).  Specifically, subadult health status was assessed based on long bone length and 
development.  Adult living stature based on measurements of the long bones, primarily the femur 
when possible, provides information on access to resources during growth and development. 
Stature was calculated using Trotter  (1970) (from White, et al. 2012) and Pearson (1899). The 
Pearson (1899) formula was used to allow for comparisons between the Kaman-Kalehöhük 
skeletal remains and those from the nearby, contemporaneous Kültepe urban sample. The tibia 
was not used for any stature estimations due to uncertainty about whether these standards 
included the medial malleolus in their measurements of maximum length. Robusticity indices 
following Bass (2005) were calculated when possible based on the humeri and femora of adults, 
which provides information on muscularity (Buikstra and Ubelaker 1994).  As these 
measurements are often taken by other bioarchaeologists, it is also possible to compare the 
sample at Kaman-Kalehöhük with other populations in the region if comparative data become 
available.  Additionally, comparisons between sex and age groups for this MBA population was 




Paleopathology (Nutritional Anemia, Non-specific stress, Infectious Disease, Trauma) 
 All teeth were examined for signs of pathology, including linear enamel hypoplasias (LEH), 
which indicate periods of physiological stress during childhood (see Appendix I). Data collection 
for dental pathology followed Goodman and Rose (1991) in order to estimate the developmental 
ages at which periods of stress occurred in individuals through measurement of the distance of 
the LEH defect from the cemento-enamel junction. This allows for quantification of population 
stress during childhood as well as information on specific periods of vulnerability to stress along 
the life course.  Other dental pathologies recorded included dental caries and calculus following 
Buikstra and Ubelaker (1994) and aid in reconstructing the diet of these individuals.  Evidence 
for nutritional deficiencies and infectious diseases were recorded following the standards 
outlined in Aufderheide and Rodríguez-Martin (2003), Buikstra and Ubelaker (1994), and Ortner 
(2003). Signs of nutritional deficiencies on the skull include cribra orbitalia and porotic 
hyperostosis.  When present the degree of severity was noted as well as whether or not the 
condition is active, healed, or healing.  These stress indicators allow for the identification and 
quantification of health conditions related to access to resources and vulnerability to pathogens.  
  All skeletal elements were examined for signs of non-lethal (antemortem) and lethal 
(perimortem) trauma and these were recorded when present.  Antemortem fractures, or fractures 
that occur well before the death of an individual, were identified by signs of healing on the bone 
(Galloway 1999; Walker 2001).  Perimortem blunt force fracture patterns were interpreted using 
Galloway (1999).  Perimortem sharp force trauma was identified and distinguished from 
postmortem damage based on the morphology and color of the base and sides of the mark 
(Buikstra and Ubelaker 1994).  Cut marks and chop marks were assessed based on the criteria 
outlined in Haynes and Stanford (1984) and Shipman (1981).  When present, location and 
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severity of traumatic defects was recorded.  Any patterns of trauma found on individuals from 
Kaman-Kalehöyük was used to address questions relating to risk of accidental injury and/or 
potential risk of violent injury at the site during the MBA. 
 
Entheses 
Markers of muscle activity on bone were noted for all adults when possible in order to 
understand the amount and types of physical labor undertaken following Capasso et al. (1999) 
Mariotti et al. (2007) (see Appendix I).  Entheses refer to the attachment sites for muscles or 
ligaments on bone.  Entheses provide information on habitual activities performed by individuals 
in the past and are identified as irregular bony surfaces.  Because these areas of bone are 
involved in movement, the bone responds through development of these rough, irregular surfaces 
(Mariotti, et al. 2007).  The expression of entheses can be affected by age (Mariotti, et al. 2007) 
so age at death for each individual was considered when interpreting these data.  Entheses were 
scored as 1) weak or moderate development, 2) strong development, or 3) very strong 
development (Mariotti, et al. 2007).  The skeletal elements examined for entheses included the 
humerus, radius, ulna, femur, an tibia (Mariotti, et al. 2007).  Additionally, musculoskeletal 
stress markers on the femur, tibia, and pelvis were scored as present, absent, or unobservable 
(Capasso, et al. 1999).  This provides quantitative data about activity patterns based on 
established methodology that can, in the future, be compared to samples from other MBA central 
Anatolian sites.  These markers may also allow for examination of differences in physical 
activity between different groups of individuals (for example males vs. females) at Kaman-
Kalehöyük. It should be noted, however, that there is some controversy over the utility of these 





Taphonomic data, such as weathering, burning and animal damage, was evaluated for all 
burials (see Buikstra and Ubelaker 1994 for recording standards). Weathering was scored using 
standards by Behrensmeyer (1978) and was recorded as present at stage 2 or above.  Stage 2 is 
described as cracking and flaking on the outer surface of the bone (Behrensmeyer 1978).  This 
aids in the identification of individuals who may have been exposed to the elements or interred 
secondarily.  All bones and bone fragments were also examined for signs of burning.  When 
present, burning was assessed and scored using criteria in Buikstra and Ubelaker (1994).  This 
includes recording the color of any burned bone as either tan, black, or white (calcined) in order 
to estimate the temperature to which the bone was exposed (Buikstra and Ubelaker 1994).  
Carnivore and rodent gnawing was identified and recorded as outlined in Buikstra and Ubelaker 
(1994).  The taphonomic information may inform several areas of this research.  For example, if 
burning is found on some individuals in certain contexts this may provide important information 
on behavior.  Also, documentation of taphonomy allows for distinguishing between postmortem 
damage to the bones and antemortem and perimortem injuries as well as pathological conditions 
on these remains. 
 
Mortuary Context and Comparative Data 
 Information on mortuary context was collected for all of the human skeletal remains from 
Kaman-Kalehöyük and compared to other contemporaneous sites in the region.  This is 
important for understanding the range of mortuary behaviors during the MBA and how Kaman-
Kalehöyük fits into these patterns.  Central Anatolian archaeological sites that were used for 
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comparison include Kültepe/Kanesh, Alacahöyük, Açemhöyük, and Alişar.  In general, a wide 
range of mortuary practices have been observed during the MBA at these sites and mortuary 
contexts include inhumations under floors, cyst burials, and pithos burials (see Emre 1991; Erdal 
and Erdal 2011).  In addition, grave goods have been discovered with some individuals at these 
sites, including reports of wealthy and non-wealthy burials (Emre 1991).  At least one site, 
Açemhöyük, also contains both cremations and inhumations with simple and more elaborate 
examples found of each type (Açıkkol, et al. 2009; Öztan 1998).   
Recent research by Üstündağ (2014) has provided some of the first bioarchaeological 
data from the MBA Old Assyrian period.  In this study, 45 individuals from the lower town of 
Kanesh were examined.  Examination of the mortuary contexts did not indicate that the 
individuals were wealthy and it was suggested that these may be low status individuals 
(Üstündağ 2014).  Data provided by Üstündağ (2014) includes prevalence of cribra orbitalia, 
porotic hyperostosis, linear enamel hypoplasia, periosteal reactions, trauma, maxillary sinusitis, 
and osteoarthritis in this sample from Kanesh. This information on health among lower status 
individuals at Kanesh can be compared with the data collected from the Kaman-Kalehöyük 
sample in order to begin to piece together regional patterns of health during this period. This 
comparative information also contributes to understanding the socioeconomic status of the 
individuals located at Kaman-Kalehöyük and how this site fits into the larger central Anatolian 
landscape during the MBA. 
 
Summary 
 The bioarchaeological data outlined in this chapter were collected in order to attempt to 
provide a biological signature of health during the Assyrian Colony period at Kaman-Kalehöyük.  
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These types of data were selected as they can provide information about biological stress, 
including access to resources, activity patterns and vulnerability to disease. Additionally 
information on trauma was collected to identify risk of accidental injury or violence. Information 
from the archaeological context was used to understand how social and political processes may 























CHAPTER 5: PALEODEMOGRAPHY AND PATHOLOGY: PATTERNS IN 
HEALTH AT KAMAN-KALEHÖYÜK, MIDDLE BRONZE AGE 
 
Introduction 
The results of the skeletal analysis of the Assyrian Colony period human remains are 
presented in this chapter. First, the paleodemography of the sample is reported by context. This is 
followed by the findings based on the skeletal pathologies and how they can be used to construct 
health profiles. The indicators of health and disease that are relied upon include living stature 
estimates, robusticity and nutritional and physiological stress that resulted in pathology. Finally, 
antemortem and perimortem trauma is examined revealing patterns in interpersonal violence.  
 
Paleodemography 
 One goal of this project is to generate a paleodemographic profile for the Assyrian 
Colony period at Kaman-Kalehöyük. Age-at-death and sex were established whenever possible 
for each individual and are reported by context. Tables 5.1-5.12 show the paleodemographic  
profiles for each context. In these tables the minimal number of individuals (MNI) is provided.  
Standard age-at-death categories for adults were utilized and are as follows: Young adult (18-34 
years), Middle Adult (35-49 years) and Old Adult (50+ years). Some individuals are reported as 
“adult” (18+ years) because it was not possible to estimate a more specific age range. These 
broader age categories are used for adults due to the challenges in estimating a more narrow 
range for adults. However, these broad categories are used in much of the literature and so they 
afford the ability for comparison. Also, the generally poor condition of the Kaman-Kalehöyük 
skeletal remains (burned, commingled, fragmentary) further complicate the assignment of age-at-
death.  For the subadult remains, narrower age ranges were possible in many cases. Standard 
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subadult age categories used are the following:  infant (less than 2 years of age), child (2-10 
years) and adolescent (11-17 years). 
Table 5.1 Room 148 MNI: 3 










The age and sex profile of Room 148. 
  
Room 148 is part of the Room 148, Room 150 and courtyard context that contains the largest 
concentration of MBA human skeletal remains, many of which are burned and commingled. 
These remains are thought to be potential victims of a battle (Omura 2011). The results for Room 
148 (Table 5.1) show a minimum of 3 individuals including 2 adults and one infant of less than 2 
years. Both adults are at least 18 years of age but more specific ages were not established. Sex 
could only be estimated for one individual and that individual was a female. The other adult is of 
undetermined sex. The presence of an infant in a context thought to be associated with violence 
is notable. 
Table 5.2 Courtyard Outside Room 148/150 MNI: 7 
Age Category Age Sex 

























The courtyard area (Table 5.2), located outside of Room 148 and Room 150, both of 
which are burned, was another context with commingled human skeletal remains who may be 
battle victims. This area of the site contained a minimum of 7 individuals. There are 3 subadults 
including an infant or child of less than 4 years, a younger adolescent of approximately 11-15 
years and an older adolescent of approximately 14-17 years of age. In addition, there are at least 
4 adults. There are 3 males of which one was a young adult, one was a middle adult and one was 
either a middle or an old adult. There is also a possible female in this context.  
Table 5.3 Room 150 MNI: 17 







Adolescent or Young Adult 
Old or Middle Adult 
Old or Middle Adult 










































The age and sex profile of Room 150. 
  
Room 150 contained the commingled remains of many individuals who are thought to 
battle victims, including one individual with a spear head found in the chest cavity (Omura 2011; 
Masumura personal communication 2014). Other weapons were found in this context as well 
(Akanuma 2004, 2007; Omura 2007, 2011). Room 150 (Table 5.3) had the highest number of 
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individuals with a minimum of 17. This estimate is based on the prevalence of left temporal 
petrous processes. In this context there are at least 2 infants, one slightly older than the other. 
There are likely 4 children, although the oldest child (9-10 years) could be an adolescent as the 
error range for this individual is +/- 30 months so the total possible range for this individual is 
approximately 8-12 years of age. There is also one young adult or adolescent, 5 adult males of 
varying ages but generally over the age of approximately 35. There are 2 adult females, one of 
which is definitely a young adult. There are an additional 3 adults, one that could possibly be a 
male, for which a more precise age estimate was unable to be determined in this analysis. The 
inclusion of all age categories, as well as males and females, in interesting as this is potentially a 
battle context. 
Table 5.4 Room 153 MNI: 4 
Age Category Age Sex 
Child 
Adolescent 










The age and sex profile of Room 153. 
  
Room 153 is part of the burned architectural complex and contained several human 
skeletons. Room 153 (Table 5.4) contained a minimum of 4 individuals. There are at least 2 
subadults, a child of 2-10 years and an adolescent of 14-16 years. There is also an individual that 
is either an adolescent or a young adult (16-20 years) and an adult male. This is another context 






Table 5.5 Outside Room 153 MNI: 6 



















The age and sex profile of the area outside of Room153 
  
The area outside of Room 153 (Table 5.5) had a minimum of 6 individuals, who were 
commingled. Two of these are subadults, one infant of 3-9 months of age and one child 
approximately 8-11 years old. There are also 4 adults, all aged as middle adult, 2 females, one 
male and one probable male. 
Table 5.6 Room 370 MNI: 11 
Age Category Age Sex 
Infant 
































The age and sex profile of Room 370. 
  
Room 370 is another context that was damaged by fire and contained the commingled 
remains of multiple individuals. The results for Room 370 (shown in Table 5.6) showed a 
minimum of 11 individuals. There are a number of subadults in this context including one infant 
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(less than 2 years) and one child or infant (less than 4 years). In addition there are at least 2 
children of approximately 4-6 years, on child aged 6-10 years, a child or adolescent (8-12 years) 
and an adolescent (14-18 years). An additional 4 adults were identified, 2 young adults (one 
male, one undetermined but could be female), one middle adult male and an adult female. 
Table 5.7 Pit 1426 MNI: 6 



















The age and sex profile of Pit 1426 
 
Pit 1426 was found to contain burned mudbrick and commingled human skeletal remains, 
which were also burned. Pit 1426 (shown in Table 5.7) contained at least 6 individuals including 
2 children (2-5 years and 2-10 years) and an adolescent (11-15 years). There is also one young 
adult female, an adult probable female and an adult male. 
Table 5.8 1992 Skeleton MNI: 1 
Age Category Age Sex 
Young Adult 18-34 yrs Male 
Age and sex for the individuals excavated in 1992 
 
 Table 5.8 shows the age and sex results for 1 individual excavated in 1992. This 
individual was found in a layer contemporary with Room 96, which dates to the Middle Bronze 
Age (Matsumura, personal communication 2017). Both Room 96 and the skeleton were burned. 
The 1992 individual is a young adult male aged 18-34 years 
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Table 5.9 Room 148/306 Doorway MNI: 1 
Context Age Category Age Sex 
Room 148/306 Door Young Adult 18-34 yrs Male 
Age and sex profile of the individuals excavated in 2000. 
  
A minimum of 1 individual was excavated in 2000 from the doorway of Room 148 and 
Room 306 and can be found in Table 5.9. This individual is an adult male of approximately 18-
34 years. This individual was burned and found near a dagger (Omura 2001) and was also found 
with a burned animal skeleton (Matsumura, personal communication 2017). 
Table 5.10 2006 Skeleton MNI: 1 
Age Category Age Sex 
Adult 18< yrs Probable Female 
Age and sex for an isolated femur found in 2006. 
  
The isolated left femur excavated in 2006 represents an adult probable female. The sex 
assessment is based on measurements (following Bass 2005), specifically the vertical diameter of 
the head (40.76 mm) and the bicondylar width (66.00 mm). These measurements and the overall 
small size suggest a probable female.  
Table 5.11 2011 Skeletons MNI: 5 
















The age and sex profile of individuals excavated in 2011. 
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 The contexts excavated in 2011 contained a minimum of 5 individuals. There were at 
least 3 subadults including an infant of less than 2 years, a child of 2-3 years and another child 
aged approximately 9 years. There were also 2 adults, a young or middle adult probable male and 
an adult female. One child was found under a floor and a second child was found in a pit. The 
other three individuals were found in a burned layer near a room.  
Table 5.12 2012 Skeletons MNI: 2 
Age Category Age Sex 
Infant (perinate) 
Adolescent 




The ages of the two individuals excavated in 2012. 
  
The results for the two individuals excavated in 2012 from different contexts is presented 
in Table 5.12. The first one is an infant found of approximately 38-40 prenatal weeks that was 
found near a pit. This age estimate is based on long bone lengths. The other individual is an 
adolescent of approximately 12 years of age, who was found under a wall. Only the upper half of 
this individual was present. 
 
Summary of the Paleodemographic Characteristics of the Human Remains 
In order to look at age and sex representation at Kaman-Kalehöyük during the MBA, the 
demographic profile was reconstructed. Five individuals were excluded from this analysis due to 
the fact that the age range calculated for these individuals was not specific enough to place them 
in a specific subadult category. Of the 62 individuals that could be assigned to a specific age 
group 11.29% were less than 2 years, 24.19% were 2-10 years, 9.68% were 11-18 years and 
54.84% were over the age of 18 years. This demographic profile will compared to other 
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agricultural sites in the region and elsewhere in order to determine whether it is representative of 
a normal population (see Chapter 6). 
 An examination of the collective human remains from all of the Assyrian Colony period 
contexts reveals that the total minimum number of individuals at Kaman-Kalehöyük is 64. The 
combined data providing a single demographic profile is presented in Table 5.13. This shows the 
percentage of each age and sex category for the entire sample of 67 individuals. In addition, 
Table 5.14 shows the numbers of adults and late adolescents in each sex category (male, female 
and undetermined). There are relatively fewer females (n=11) compared to males (n=19) but the 
sample size is small and many individuals were undetermined (n=7) so making inferences about 
the sex ratio is challenging. However, all things considered equal, there are more males 


























































The number of individuals in each age category for the MBA sample. 
 
Table 5.14 Assyrian Colony Period Adult Paleodemography 

















































Adult Living Stature 
Living stature for adult males and females was calculated for the femur and humerus 
when possible using both Trotter (1970) and Pearson (1899). Pearson (1899) was included in 
order to be able to compare the data with previous studies that utilized the regression formulae. 
The European formulae from Trotter (1970) were utilized because central Anatolia is closer 
geographically to Europe than East Asia or Africa. Individuals of undetermined sex were 
calculated based on the female formulae for both methods in order to be conservative.  
The results are reported in Tables 5.15-5.20. Additionally, mean long bone lengths are 
reported and are the maximum lengths for these two bones. 
Table 5.15 Maximum Length of the Femur 
Sex n Mean (cm) SD 
Male 1 41.55 − 
Female 2 37.15* 0.21 
Undetermined 1 38.10 − 
A * next to a value indicates that there may be up to 1 mm of error in one of the measurements 
due to preservation issues. No measurements with damage estimated to be greater than 1 mm 
error are reported. 
 
Table 5.16 Stature (Femur) from Pearson (1899) 
Sex n Mean (cm) SD 
Male 1 159.42 − 
Female 2 145.10* 0.41 
Undetermined 1 146.95 − 
A * next to a value indicates that there may be up to 1 mm of error in one of the measurements 
due to preservation issues. No measurements with damage estimated to be greater than 1 mm 







Table 5.17 Stature (Femur) from Trotter (1970) 
Sex n Mean (cm) SD 
Male 1 160.30 − 
Female 2 145.86* 0.52 
Undetermined 1 148.21 − 
A * next to a value indicates that there may be up to 1 mm of error in one of the measurements 
due to preservation issues. No measurements with damage estimated to be greater than 1 mm 
error are reported. 
 
Only 5 adult femora from the Assyrian Colony period were sufficiently complete for 
measurement. The mean femur lengths are reported by sex in table 5.15. The mean for males was 
41.55 cm, the mean for females was 37.15 and undetermined was 38.10. Stature estimations 
calculated using the Pearson (1899) formula are found in Table 5.16 and with Trotter (1970) in 
Table 5.17. These two methods provided fairly similar stature estimations for this bone and also 
reflect the possible sex differences. The mean statures for males are 160.30 cm, based on Trotter 
(1970) and 159.42 cm for Pearson (1899).For females these are 145.86 and 145.10 respectively.  
Undetermined individuals had mean statures of 146.95 cm and 148.21. There appear to be 
possible sex differences in femur length but the sample size is too small for statistical analysis. 
 
Table 5.18 Maximum Length of the Humerus 
Sex n Mean (cm) SD 
Male 3 31.40 1.28 
Female 2 28.85 ∗ 1.34 






Table 5.19 Stature (Humerus) from Pearson (1899) 
Sex n Mean (cm) SD 
Male 3 161.22 4.18 
Female 2 151.89 ∗ 5.06 
Undetermined − − − 
 
Table 5.20 Stature (Humerus) from Trotter (1970) 
Sex n Mean (cm) SD 
Male 3 166.86 4.44 
Female 2 154.91 ∗ 4.52 
Undetermined − − − 
 
 Measurements of the maximum length of the humerus were possible for 5 individuals as 
well, 3 males and 2 females. The mean length for males was 31.40 cm and the mean for females 
was 28.85. Estimates of living stature based on Trotter (1970) produce a mean stature of 166.86 
cm for males and 154.91 for females. Stature estimates based on Pearson (1899) resulted in a 
mean stature estimate for males of 161.22 and 151.89 for females. Like the femur, the 
measurements suggest possible differences between the sexes and future studies will help to 
better understand this potential pattern.  
Entheses 
 Entheses are areas of muscle attachment on bone and variations in these areas on long 
bones can provide information about habitual activity patterns in adults. Entheses were scored 
for adults when possible on a scale of 1-3 with a score of 1 given to muscle sites that exhibit low 
to medium development for the muscle attachment site, a score of 2 for moderate to extensive  
development and a 3 for very extensive development (see Appendix 2). Because entheses can be 
age-related, mean scores were calculated for each individual for which entheses could be scored 
and presented by age categories.  The male designation includes probable males and the female 
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designation includes probable females. This analysis focuses on the use of the upper extremeities 
(as calculated from analysis of the humerus, radius and ulna) and for the lower extremities (the 
femur and tibia). The adult category refers to individuals over 18 years for which a more specific 
age estimate was undetermined. The results for the upper extremities are presented in Table 5.21 
and Figure 5.2. The results for the lower extremities are found in Table 5.22 and Figure 5.1. 
 
Table 5.21 Entheses: Upper Extremities Sample 









Male 3 3 1 6 13 
Female 1 − − 5 6 
Undetermined − − 1 8 9 
Sample size of males, females and undetermined individuals for upper extremities entheses 
analysis.  
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Table 5.22 Entheses: Lower Extremities Sample 









Male 3 4 3 5 15 
Female 3 1 − 4 8 
Undetermined − − 1 4 5 




Figure 5.2 Distribution of mean scores of the lower extremities by sex and age category 
 
 The trends suggest that as age increases entheseal development also increases and this 
has been reported by other researchers  who have noted higher scores for older adults (for 
example see Alves Cardoso and Henderson 2010; Jurmain, et al. 2012; Mariotti, et al. 2007; 
Milella, et al. 2012; Robb 1998). For the upper extremities in this sample the highest mean score 
was in the middle adult category instead of the old adult category. Because of the extremely 
small sample sizes, this may not be representative of the overall trend. There are very few 
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sex related differences. For the lower extremities there is an overall trend of higher mean 
entheses scores as age increases. Interestingly, the mean scores for females are slightly higher 
than males in the young adult and middle adult categories. Taken together, these data do suggest 
that entheses provide empirical data on behavioral patterns that can be useful for reconstructing 
adult activities and labor patterns.  While the samples sizes here are too small for a more 
statistical treatment, the findings hint at possible underlying age and sex differences.  In 
conjunction with archaeological information about subsistence practices, the building of 
structures, and daily travel, sexual division of labor could be much better understood.  
Robusticity 
 Robusticity indices provide information about overall size and strength. Measurements 
on well preserved, complete femora and humerii were used to calculate robusticity among adults 
from the MBA at Kaman-Kalehöyük. Results for the femur are presented in Table 5.23 and 
results for the humerus are presented in Table 5.24. Due to preservation issues such as burning 
and other taphonomic processes, the number of femora and humerii complete enough to measure 
for this index was relatively low.   
Table 5.23 Femoral Robusticity Indices 
Sex n Mean SD 
Male 2 14.54 0.09 
Female 2 13.55 ∗ 1.30 
Undetermined 1 12.74 − 
Robusticity indices based on the femur. Means followed by a * indicate that one or more of the 
measurements may have up to 1 mm error in the measurement due to preservation. 
Measurements estimated to have 1 mm or greater error were not included. 
 
 Femoral robusticity indices suggest differences between the sexes with males having 
higher mean scores (14.54 vs. 13.55 for females). There was one individual of undermined sex as 
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well, who had a robusticity index of 12.74. Comparisons with other sites in the next chapter will 
explore what these indices suggest in terms of overall robusticity. 
 
Table 5.24 Humeral Robusticity Indices 
Sex n Mean SD 
Male 3 21.01 1.42 
Female 2 17.84 0.40 
Undetermined − − − 
Robusticity indices based on the humerus. 
 
 Humeral robusticity indices also indicate a difference between the sexes with males more 
robust on average (21.01 compared to a mean of 17.84 for females). This trend in higher 
robusticity for males may suggest differences in workload between the sexes. This sexual 
dimorphism in overall size based on five individuals supports the stature differences discussed 
already, and falls well within normal sexual dimorphism for human groups (Bass 2005).  
Paleopathology 
 The next section presents the results of the paleopathological analysis. The goal is to 
identify and quantify any observed disease processes and/or signs of physiological stress 
occurring at the time of death or earlier in life. Some of these stress indicators include cribra 
orbitalia and porotic hyperostosis, caused by anemia, and linear enamel hypoplasias, a sign of 
generalized stress in childhood. Periosteal reaction, another stress indicator, which is caused by a 
variety of conditions, is commonly recorded in skeletal remains provides information about 
overall health and can indicate infection. Dental caries prevalence reflects nutrition and amounts 
of starch and sugar in the diet. Osteoarthritis examines breakdown of the joint surfaces often 
related to activity and age. All of these indicators combined will help to provide an idea of the 
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quality of life at experienced by the individuals at Kaman-Kalehöyük during the MBA. This will 
also help with the examination of whether or not these individuals were more or less vulnerable 
to disease based upon socio-economic status. 
Periosteal Reactions 
 Periosteal reactions refer to the inflammation of the outer membrane covering bone, the 
periosteum, which results in the pathological formation of new bone. Periosteal reactions on long 
bones, most commonly the tibiae, can be caused by a number of factors including infection and 
trauma among others (Weston 2012). Some argue that almost every disease can at first cause the 
surface of long bones to display this reaction, but others feel it is a very good indication of some 
kind of unspecified systemic infection (Weston 2012). Presence of periosteal reaction was noted 
for the long bones when observed. Identification of this condition was complicated by the 
extreme burning, fracturing and commingling that occurred in some of the MBA period contexts 
so this analysis will be cautious in its interpretation. A total of 6 individuals were identified with 
either healed and/or active periosteal reactions on one or more leg long bones. These individuals 
are listed in Table 5.25. Prevalence of periosteal reactions by bone was also calculated (see Table 
5.26) but one case could not be included in this analysis as the elements displaying active 
periosteal reactions on the probable male could not be sided. It is difficult to estimate how many 
individuals did not display this condition as the commingling complicated the ability to associate 








Table 5.25 Periosteal Reactions 
Sex Age Bone Healed or Active 
P. Male Adult Tibia, long bone fragments Active 
Male Middle Adult Femur, Tibia, Fibula (L & R) Active and Healed areas 
Male Young Adult Tibia (L) Healed 









Description of cases of periosteal reactions. 
 
Table 5.26 Prevalence of Periosteal Reactions  
Bone n Number with 
Periostitis 
Percentage 
Left Femur 25 2 8.00% 
Right Femur 29 3 10.34% 
Left Tibia 17 2 11.76% 









Prevalence of periosteal reactions on observable long bones. 
  
Of the 6 individuals displaying periosteal reactions all were adults and both males (n=4) 
and females (n=2) were represented. Periosteal reactions were most commonly found on the right 
tibia followed by the right fibula and left tibia. The left femur and left fibula had the lowest rates 
of periosteal reactions. Most observed cases of periosteal reactions appeared to be in a healed 
state but there was at least one instance of an active periosteal reaction.  
While it is difficult to assess the specific cause of periosteal reactions, due to their 
complex etiologies, some general conclusions can be made. The periosteal reactions on two of 
the individuals occur on multiple long bones and both sides of the body. This suggests that these 
are caused by systemic pathological conditions. In one of these two cases, this systemic 
condition was still active at the time of death. The other cases may also be systemic as well as 
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they affected multiple portions of the bone although there one individual who displayed a more 
localized periosteal reaction. All but one of the cases of periosteal reactions are in a healed state, 
suggesting that the individuals recovered from the condition causing the reaction. 
 
Cribra Orbitalia and Porotic Hyperostosis 
 Cribra orbitalia and porotic hyperostosis are generally thought to result from some type 
of nutritional anemia (usually nutritional) (Ortner 2003; Oxenham and Cavill 2010; Walker, et 
al. 2009). Many scholars believe that iron deficiency is one of the primary causes but that other 
things such as vitamin B deficiencies or genetic conditions, could also cause these lesions. 
Regardless, there is agreement that the lesions on the cranium often indicate some kind of 
nutritional deficiency that results in anemia (Oxenham and Cavill 2010; Walker et al. 2009).  
Presence or absence of cribra orbitalia (CO) and porotic hyperostosis (PH) was recorded for the 
MBA cranial sample at Kaman-Kalehöyük. Taphonomic alterations to the bones, including 
extreme burning on some of the human skeletal remains, complicated the identification of these 
lesions in some cases. Only twenty seven individuals were observable for these conditions. The 
results are presented in Table 5.27. The undetermined sex category includes adults of 
undetermined sex and subadults. The results show that the rates of CO/PH were similar for both 
males (70.00%) and females (66.67%) 
 
Table 5.27 Cribra Orbitalia/Porotic Hyperostosis Prevalence 
Sex n CO/PH None 
Male 10 70.00% 30.00% 
Female 3 66.67% 33.33% 
Undetermined 14 42.86% 57.14% 
Number of individuals displaying either cribra orbitalia or porotic hyperostosis. 
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While females are underrepresented in the sample the presence of adult males with these 
lesions suggests some underlying dietary issues that may be affecting other health parameters.  
The presence and ubiquity of this lesion as an indicator of underlying nutritional problems is 
discussed in the next chapter.  
Osteoarthritis 
 Osteoarthritis is a disease found in the cartilage between bones. Some signs of 
osteoarthritis include new bone formation on the surface of the joint, osteophyte formation, and 
eburnation (a polished area of the bone where there is no more cartilage and the bones are 
rubbing against each other) (Waldron 2012). While the specific cause of osteoarthritis is still 
being debated, there is general consensus that joint use is a factor (Eng 2016). Osteoarthritis 
prevalence has been used by Eng (2016) to demonstrate the utility of using this marker as a way 
of reconstructing activity and mechanical stress.  
The analysis of joint surfaces for osteoarthritis at Kaman-Kalehöyük demonstrates that a 
total of 16 adult individuals (48.48% of 33 adults) had this condition to some degree ranging 
from slight to severe with eburnation. Of these 16 individuals, 9 were males (52.94% of all male 
adults), 3 were females (27.27% of all female adults) and 4 were undetermined (80.00% of all 





Figure 5.3 Distribution of osteoarthritis across age and sex categories.  
 
 A more specific age category than adult could not be assigned to 8 individuals, including 
all 3 females, so it is only possible to examine osteoarthritis age trends among the males. In 
general only middle adult or old adult males had this condition (n=5), with the exception of one 
individual that could be either a young adult or a middle adult. This trend is also seen among 
those of undetermined sex with both individuals for whom a specific age category could be 
assigned were either middle adult or old adult (n=2). 
 Joint locations exhibiting osteoarthritis were also examined and Table 5.28 shows the 
distribution among joints for all individuals displaying osteoarthritis. Many individuals had 




















Table 5.28 Distribution of Osteoarthritis by Joint 
Joint Males (%) Females (%) Undetermined (%) Total (%) 
Spine 66.67% 100.00% 75.00% 75.00% 
Shoulder 11.11% 33.33% 0% 12.50% 
Elbow 0% 0% 0% 0% 



























 By far the most commonly affected joint was the spine which is a system of joints that 
bear the bulk of any number of activities carried out by humans.  All of the females with 
osteoarthritis demonstrated vertebral lipping and 66.67% of males as well.  For those with 
undetermined sex, 75% were effected.   
 The 1st and 2nd cervical vertebrae located in the neck region often displayed osteoarthritis. 
For the first cervical vertebrae 37.50% of all individuals with osteoarthritis and 25.00% of all 1st 
cervical vertebrae in the sample (n=24) displayed osteoarthritis on the facet for the dens. For the 
2nd cervical vertebrae 29.41% of those with osteoarthritis and 17.39% of all 2nd cervical vertebrae 
in the sample (n=23) had osteoarthritis on the dens. When considering sex, 2 males (22.22% of 
all males with osteoarthritis), 3 females (100.00% of all females with osteoarthritis) and 2 
undetermined individuals (50.00% of all of those with osteoarthritis) had either the 1st or second 
vertebrae affected or both. The knee was the second most affected joint (n=4) followed by the 
shoulder (n=2) and hip (n=2). All of the hip osteoarthritis occurred in males and osteoarthritis in 
the knee was found in 3 males and one undetermined individual but no females. These results 
could possibly suggest activity differences between the sexes but the sample sizes are small so 
more information is needed.  
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 The general findings for osteoarthritis demonstrate that this joint disorder was common in 
the sample, especially for older adult individuals (35+ years). The spine was the most commonly 
affected area of the skeleton, which is not unexpected as the spine caries much of the weight of 
the individuals. The knee was the second most common joint with osteoarthritis, however no 
females displayed osteoarthritis in the knee or anywhere else on the lower limbs. This could 
potentially suggest that the sexes used these joints differently. The inclusion of additional data, 
when available will help to clarify age and sex patterns seen at this site. 
Dental Health 
 Teeth are very responsive to a range of forces that cause them to wear down, become 
carious, and to be lost.  These all are important indicators of diet and individual health.  Dental 
pathologies were recorded for the presence of caries, abscesses and antemortem tooth loss. Due 
to issues with commingling it was not always possible to associate the teeth with a specific 
individual so this estimate is based on the total number of observable teeth in the sample. Of the 
415 erupted permanent teeth observable for caries, including 11 teeth of either unknown side or 
tooth number or both, a grand total of 26 carious teeth were observed (6.27%). This would mean 
that for individuals who had dentition, each had on average two caries.  While there are 
difficulties understanding caries rates on an individual basis due to commingling, these data still 
allow for useful comparisons that shed light on health at this site. 
 Of the individuals with caries, sex was determined for nine individuals. Of these, 5 
(55.56%) were males and 4 (44.44%) were females. Abscesses were also recorded as present or 
absent whenever possible for adults. Out of 23 observable adult cases, five (21.74%) had an 
abscess present. Of these sex could only be determined for 3, 2 (66.67%) males and 1 (33.33%) 
female. In addition, antemortem tooth loss was recorded as present or absent when possible for 
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adults. This translates to the need to see the empty and resorbed tooth socket, which is the 
standard for diagnosing antemortem tooth loss.  Out of a total of 21 observable cases, 9 
individuals (42.86%) had one or more teeth lost prior to death.  Of these, sex could be estimated 
for 7 individuals, 4 (57.14%) males and 3 (42.86%) females. Overall, these data provide general 
indicators of oral health at the site and allow for comparisons between males in females. There 
do not appear to be large differences in dental disease between the sexes based on the available 
information. The data collected for the teeth also provide comparative quantitative data that 
allows for consideration of how the dental health experienced at Kaman-Kalehöyük compares to 
other communities. 
Linear Enamel Hypoplasias  
Linear enamel hypoplasias (LEHs) are the result of disruption of enamel formation 
caused by unspecified physiological or metabolic stress during the development of the tooth 
(Goodman and Rose 1991). Because permanent dentition form between the ages of one and six, 
these lines reveal nonlethal but important patterns in stress during those specific years of 
childhood. In the analysis of Kaman-Kalehöyük presence or absence of LEHs was recorded for 
all undamaged, permanent teeth that did not display a substantial amount of wear. Table 5.29 
shows the prevalence of linear enamel hypoplasias on observable adult teeth from the Kaman-
Kalehöyük sample. Canine teeth were by far the most affected with at least 20% of all 
observable upper left, upper right and lower right canine teeth exhibiting at least one LEH. 







Table 5.29 Linear Enamel Hypoplasia Prevalence 
Tooth n Number with LEHs Percentage 
Left Upper I1 22 0 0% 
Right Upper I1 22 0 0% 
Left Upper I2 19 0 0% 
Right Upper I2 18 1 5.56% 
Left Upper C 20 4 20.00% 
Right Upper C 
Left Upper P3 
Right Upper P3 
Left Upper P4 
















Left Lower I1 17 0 0% 
Right Lower I1 16 0 0% 
Left Lower I2 18 0 0% 
Right Lower I2 13 0 0% 
Left Lower C 18 1 5.56% 
Right Lower C 
Left Lower P3 
Right Lower P3 
Left Lower P4 
















Percentages of LEH based on tooth type. Both numbers of individuals and percentages are 
reported. 
Both sexes were represented in the sample of individuals with LEHs found in 4 males and 2 
females (see Figure 5.4).  Several individuals were of undetermined sex including one adolescent 
and one individual of undetermined age. It is difficult to estimate which specific individuals did 
not display LEHs due to the commingling and the presence of teeth that could not be assigned to 
a specific individual. However, based on the right lower canine, which had the highest 
prevalence of LEH, there were at least 22 individuals that could be scored as each person will 
have only one right lower canine. Of these, 5 had at least one LEH, indicating that 17 individuals 
were not affected on this tooth. All teeth with LEHs could be assigned to a specific individual 




Figure 5.4 Distribution of LEHs by sex category 
 
Additionally, some individuals had multiple LEHs on the same tooth.  One young adult 
male had 4 separate LEHs on both the lower left and lower right canines. Three other individuals 
(one female, two undetermined sex) had 2 or 3 LEHs on at least one tooth, indicating multiple 
periods of stress in childhood. 
 As far as the timing of stress in these individuals exhibiting LEHs, almost all of the 
insults seem to have occurred between the ages of approximately 2-5 years of age based on 
measurements of the distance from the LEH to the cemento-enamel junction (CEJ) (following 
Goodman, et al. 1980; Goodman and Rose 1991). The only exception was the lower left P4 LEH, 
which would have occurred between 5-6 years of age. Table 5.30 shows the mean distance from 



















Table 5.30 Linear Enamel Hypoplasia Distance from the CEJ 
Tooth n  Mean Distance 
from CEJ (mm) 
SD Range 
Right Upper I2 1 3.55 − 3.55 
Left Upper C 6 3.14 0.94 2.06-4.29 
Right Upper C 4 3.63 0.90 2.67-4.80 
Left Lower C 4 5.02 1.26 3.66-6.61 
Right Lower C 









Measurements of the locations of LEHs on the teeth for analysis of age at time of stress. 
 
The results of the analysis of LEHs indicates that 10 individuals were affected by 
childhood stress resulting in disruption of enamel formation. While it is difficult to estimate the 
number of individuals who did not have this stress indicator due to commingling, a conservative 
estimate can be based on the number of individuals old enough to have erupted anterior 
permanent dentition. The anterior teeth, which most commonly display LEHs in this sample, 
erupt by adolescence (see Hillson 1996). There were a total of 42 individuals at this site in the 
adolescent or adult categories and 10 of these individuals demonstrated one or more LEH, which 
is 23.81% percent of those 11 years or older. This is a similar prevalence as the approximately 
22% of individuals that was estimated based on number of LEHs for each tooth type. The ages at 
which childhood stress occurred suggest that early childhood (2-5 years) was more stressful than 
infancy (less than 2 years).  
Antemortem Trauma 
 Antemortem trauma essentially reveals something about nonlethal violence or accidental 
or occupational hazards in human groups.  Trauma that only affects skin and muscles may or 
may not leave diagnostic changes on bone, but trauma that has a force severe enough to fracture 
or otherwise effect bone integrity will leave diagnostic signatures. Antemortem trauma is trauma 
that occurs before the death of the individual and is identified by signs of healing on the bone 
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(Galloway 1999; Galloway, et al. 2014b). Generally this healing will be visible within six weeks 
after the injury occurs. If there are no signs of healing than the fracture resulted from either 
perimortem (around the time of death) trauma or postmortem damage (Galloway et al. 2014).  
  Several cases of antemortem trauma were observed on the human skeletal remains from 
Kaman-Kalehöyük. The type and placement of the traumatic injury suggests that it was due to 
interpersonal violence. Two individuals have well-healed cranial depression fractures, two 
individuals have healed zygomatic (cheek area) fractures and one individual has a healed sharp 
force trauma on the sternum. These injuries are shown in Figures 5.5-5.9. 
 
Figure 5.5 Slight antemortem cranial depression fracture on an adult of undetermined sex found 
outside Room 153. 
 Figure 5.5 shows a cranial depression fracture (CDF) on the right parietal of an adult 
individual found outside of Room 153. The age of this individuals is 18+ years and the sex was 
undetermined. This was identified as a CDF do to the circular area of bone that has been 
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depressed into the cranium. This fracture is the result of blunt force trauma to the skull, which 
depresses the bone into the underlying diploe and will leave a permanent impression on the bone, 
even when healed. This CDF is identified as antemortem due to the well healed nature of the 
bone, which no longer exhibits signs of remodeling. The dimensions of the CDF are 6.75 mm 
(anterio-posterior) and 5.96 mm (medio-lateral). The depth could not be measured as it was too 
shallow. The holes present on the bone, seen in this figure, are normal and not related to the 
CDF. This CDF is located in an area of the skull that is “above the hat brim line” and the 
significance of this will be discussed later in this chapter. 
 
 
Figure 5.6 Slight antemortem cranial depression fracture on the right parietal of an adult female 
from Room 150. 
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 This CDF (Figure 5.6) was observed on a right parietal fragment on an adult female (18+ 
years) from Room 150. This individual also exhibited signs of burning. This would have been 
caused by blunt force trauma, similar to the above case, and it is well healed. The pitting seen on 
the bone surface is normal and not trauma related. This bone fragment could not be oriented 
anterio-posteriorly or medio-laterally but the dimensions were measured and they are 9.33 mm x 
11.38 mm. The depth was approximately 1 mm. This injury, due to its location of the right 
















Figure 5.7 shows a healed fracture on the frontal process of the left zygomatic. This would 
have been located near the left eye of the individual, and adult male found in Room 153. Is 
measures 2.49 mm (superior-inferior) by 2.6 mm (medio-lateral). The severity of this wound is 
slight and it appears to be completely healed. Figure 5.8 shows another antemortem fracture on 
the frontal process of a zygomatic, this time a right zygomatic. The dimensions of the fracture are 
5.73 mm (superior-inferior) by 3.01 mm (medio-lateral) and it appears to be slight to moderate. 
This fracture, located next to the right eye of this individual, appears to still be healing and the 
edges of the fracture have not completely joined. So this individual, an adult of undetermined sex 
Figure 5.7 Healed fracture on the 
frontal process of the left 
zygomatic of an adult male from 
Room 153. 
 
Figure 5.8 Healed fracture on the 
frontal process of the right 
zygomatic of an adult of 






found in Room 148, may still have been suffering the effects of the trauma. Both of these injuries 
were the result of some sort of blunt force trauma to the face and could be violence related. 
 
 
Figure 5.9 Healed sharp force trauma on the sternum of a young adult male found in the 
courtyard outside of Room 148/150. 
 
An additional instance of antemortem trauma was found. This time on a young adult male 
found in the courtyard outside of burned room blocks associated with the destruction of the site. 
This individual displays a healing sharp force wound to the inferior sternum (chest area). The 
length of this wound is 27.46 mm (superior-inferior). This injury is clearly still in the healing 
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process as there is a gap that has not yet been filled in with bone and the edges of the wound 
have not fully joined back together. The indentations on the side of the sternum or normal and 
not related to the trauma.  
This wound is particularly interesting as it was clearly caused by a sharp weapon 
indicating this individual had been in some sort of battle or altercation involving weapons in the 
not too distant past. The fact that this individual is found in a potential battle context, with 
associated sharp weapons including swords, daggers and spearheads (see Akanuma 2004, 2007; 
Omura 2011), suggests that he might have been involved in a second violent altercation. It is 
unclear whether or not this individual represents a local community member or a potential 
outside attacker but clearly violence greatly affected their life. 
For cranial trauma, forensic experts and others who need to provide a firm interpretation 
for the cause of the injury often utilize a standardized general finding about violent causes versus 
accidental causes. When evaluating whether or not the healed cranial and facial fractures are 
more likely to have been caused by an accident (such as a fall) or by violence (such as fighting) 
the location of the injury, as well as the type, is useful. Guyomarc’h and colleagues (2010) 
discuss the common use of a “hat brim line” or, HBL (see Figure 5.10). According to this 
finding, injuries located on the area where the brim of a hat would sit on the head are more 
commonly accidental while injuries above the hat brim line are more likely the result of violence. 
In their test of the accuracy of the hat brim line concept, Guyomarc’h and colleagues (2010) 
found that depressed cranial fractures found above the hat brim line were more commonly 
associated with violence. In addition, they also found that the presence of facial fractures was 
more commonly associated with violence than with accidental falls. Both of these findings are 
relevant to interpreting the antemortem cranial trauma found at Kaman-Kalehöyük with the two 
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examples of facial fracture and two cranial depression fractures located above the hat brim line. 
This suggests that it is more likely that these injuries resulted from interpersonal violence. The 
healed sharp force trauma is even more clearly the result of violence due to the clear line of 
healed bone extending down the inferior portion of the sternum, which could only be made by a 
bladed weapon. All of these combined cases of antemortem trauma suggests that there was some 
level of risk of violent injury among the MBA period individuals at this site. 
 
Figure 5.10 The Hat Brim Line (From Guyomarc’h, et al. 2010:424) 
 
Other antemortem injuries were observed as well. They include two healed broken hand 
bones, one foot bone, a broken rib, and a fractured ulna. All of the injuries were found on adult 







Table 5.31 Additional Antemortem Trauma 
Sex Age Bone Severity and Location 
Female Middle Adult 3rd Metatarsal (R) Slight, proximal epiphysis 
Female Adult Prox Hand Phalanx Slight, shaft 
Undetermined Adult Ulna (L) Moderate, proximal epiphysis & diaphysis 
Undetermined Adult Rib (L) Moderate, shaft 
Undetermined Adult 3rd Metacarpal (L) Slight, styloid process 
Summary of all antemortem injuries not discussed above. 
The findings for the analysis of antemortem fractures suggests that there was some level 
of risk of interpersonaly violence even before the possible battle. The four instances of blunt 
force trauma to the head and face may indicate interpersonal violence may have involved some 
sort of hand to hand combat. The presence of a healing sharp force wound to the chest of an 
individual found in a battle context suggests that weapon related fighting was common, which is 
also supported by the presence of weapons such as swords and spears.  
Perimortem Trauma 
Perimortem trauma is trauma that does not show signs healing but it must be 
differentiated from post mortem damage. The perimortem time interval includes the time before 
healing occurs in an injury and extends until the bone loses much of its moisture, which changes 
the way the bone fractures. Identification of perimortem fracture is based on the location of the 
fracture, the color to the fracture edges, the morphology of the fracture and the angle of the 
fracture edges. Fracture edges that exhibit the same color as the rest of the bone are likely 
perimortem in contrast to postmortem damage when the fracture edges demonstrate a different 
color than the rest of the bone (Galloway 1999; Galloway, et al. 2014b:50). In addition to color, 
there are differences in the way that bones break because in fresh bone moisture and collegen are 
present so the bone will maintain flexibility (Galloway, et al. 2014b:50-51). Perimortem trauma 
is an important indicator as it might provide insight into the cause of death for the individual. 
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Three instances of perimortem trauma were observed from two different contexts. Two 
examples of unhealed sharp force trauma, shown in figures 5.11-5.15, were found in Pit 1426. 
An example of unhealed blunt force trauma (Figure 5.16) on a male individual from an unknown 
context was also observed. These perimortem injuries were observed macroscopically and 
measured with sliding calipers. In addition, A Dino-Lite digital microscope was used to further 
examine the perimortem sharp force trauma found on two elements from Pit 1426. 
The first case of perimortem trauma from Pit 1426 consists of 2 chop marks on the head 
of the right femur of a young adult female. Identification of these as chop marks is based on 
criteria in outlined in White (1992). These marks were identified as perimortem due to the lack 
of difference in the color of the outer cortical bone and the kerf walls of the chop marks. 
Additionally, buckling of the bone was observed along the edges of the chop marks, which 





Figure 5.11 Two perimortem chop marks on the right femur of a young adult female from Pit 
1426. 
 
Further analysis of the perimortem chopmarks from Pit 1426 with a Dino-Lite digital 
microscope allowed for measurements and examination of the kerf walls. Measurements taken 
include length and width of the sharp force defects and width, depth and angle of the kerf walls 
of the defects. This information may be consistent with weapons found at the site that were 




Figure 5.12 Microscopic image of trauma 
Dino-Lite image of sharp force trauma on the right femur from Pit 1426 with measurements of 
the length and width of the chop marks. 
  
 Figure 5.12 shows some of the measurements that were taken utilizing the microscope. It 





Figure 5.13 Dino-Lite image of the perimortem chop marks on the right femur from Pit 1426 
with measurements of the kerf walls, including width, depth and angle. 
 
 Additionally, the Dino-Lite microscope was used to examine the kerf walls of the chop 
mark. It shows that the first chop mark has a width of 1.630 mm and a depth of 1.273 mm. The 
angle of this chop mark is 47.444 degrees. The second chop mark has a width of 1.568 mm and a 
depth of 0.897 mm. The angle for this chop mark 67.447 degrees. When measured from this 
angle, it appears that the widths and depths of both chop marks are very similar and could be 




Figure 5.14 Periortem chop mark on the right humerus of an adult probable female from Pit 
1426. 
 
 A second example of a perimortem chop mark was observed on the head of the right 
humerus of an adult probable female. This was identified as perimortem primarily because the 
color of the external cortical bone is the same as the color of the bone in the kerf walls of the 
defect. However, little buckling was seen along the edges of the chop mark. The fact that the kerf 





Figure 5.15 Dino-Lite image of the perimortem chop mark on the right humerus from Pit 1426 
with measurements of the kerf walls, including width, depth and angle of the defect. 
 
 When the kerf walls were examined with the Dino-Lite microscope, measurements of the 
width, depth and angle of the defect were recorded. The width of this chop mark was 2.786 mm, 
the depth was 1.951 mm and the angle was 72.083 degrees. While this chop mark is a bit larger 




Figure 5.16 Perimortem blunt force trauma on the left radius of a young adult male.  
A third example of perimortem trauma was found on the left distal radius of a young 
adult male from an unknown context excavated in 1992. This was identified as perimortem blunt 
force trauma because the fracture edges are the same color as the rest of the bone and the way the 
bone has broken is suggestive of retained moisture and collagen, indicators that it occurred 
around the time of death (Galloway 1999). It appears to be an incomplete fracture as the 
fragments are not completely separated from the bone (see Galloway, et al. 2014a). 
Of the 3 examples of perimortem trauma observed on the MBA period skeletons at 
Kaman-Kalehöyük, all of these are clearly the result of violence. The 3 sharp force chop marks 
found on 2 female bones from Pit 1426 (Figures 5.11-5.15) were likely caused by some sort of 
weapon or implement. As this is also a burned context (see below section on taphonomy), it is 
possible that these injuries occurred during the battle event described by Omura (2011). The 
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cause of the blunt force trauma on the young adult male is less clear but is likely the result of 
some sort of interpersonal violence that included a blunt object as a weapon 
. 
Taphonomy 
 The main taphonomic process affecting the Assyrian Colony period human skeletal 
remains at Kaman-Kalehöyük is burning. Of the 64 individuals identified at this site, 78.13% 
(n=50) have some degree of burning on the bone and only 21.88% of individuals (n=14) show no 
burning. For the burned individuals, the degree of burning ranged from browning and/or 
blackening to white which implies calcinization. According to Buikstra and Ubelaker (1994:95) 
this discoloration is associated with different temperatures. Bones become brown and/or black 
when the temperatures are quite low, occurring at a minimum of 200-300 degrees centigrade.  
Complete calcinization (bones turn white/gray) at 800 degrees centigrade (Buikstra and Ubelaker 
1994:95). This suggests that many of the skeletons at this site, especially those that were 
calcined, were exposed to high temperatures. Room 370 in particular had a high degree of 
calcinized skeletal elements.  Other contexts with calcined bones include Room 148, Pit 1426, 
Pit 2334, the doorway between Room 148 and Room 306, the courtyard and one skeleton of 
unknown context. Room 150 had a small amount of calcinization with only one individual 
displaying this but the rest of the skeletal remains were either brown or black or both. 
 Other than burning, very few other taphonomic processes were observed on this sample. 
None of the skeletons exhibited weathering above a score of 1 on the Behrensmeyer (1978) 
scale, and so weathering is not considered present on any of the human skeletal remains from the 
Assyrian Colony period. Only 1 individual (representing approximately 1% of the collection) 
had signs of carnivore gnawing.  The degree of burning found on many of the human skeletal 





 Examination of the context of the human skeletal remains from Kaman-Kalehöyük shows 
that most, if not all, of these skeletons have an unusual disposition. As discussed in the 
taphonomy section, 78.13% of the human skeletal remains from the Assyrian Colony period 
have signs of burning on the bone. These, however, do not appear to be normal cremations, but 
rather individuals that were affected by a widespread burning at this site towards the end of the 
Assyrian Colony period. Many of these skeletons are found on the floors of rooms, with others 
being located outside of rooms or in pits. There do not seem to be skeletons found inside pithoi 
(storage containers) or cist graves. Additionally, 92.18% of the individuals (n=59) are found in 
commingled contexts with multiple individuals.  There are relatively few single skeleton 
deposits. The position of the skeletons was highly variable, and sometimes difficult to discern 
due to burning, commingling and breakage.  The Assyrian Colony period individuals do not 
seem to be found in intentional graves and they likely do not represent individual burials.  The 
human remains appear to be in the locations where those individuals perished and then remained 
until excavation.  
 
Summary 
 The results of the analysis of the human skeletal remains from the Assyrian Colony 
period at Kaman-Kalehöyük show that a minimum of 67 individuals were interred in the contexts 
that have been excavated. This includes adult males and females as well as subadults of various 
ages from infants to adolescents. Living stature estimates, osteoarthritis patterns and robusticity 
scores from adult individuals suggest some possible differences between the sexes. Pathological 
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conditions such as LEHs, periostitis, porotic hyperostosis/cribra orbitalia and dental caries are 
fairly evenly distributed among males in females indicating few differences in overall health.  
 Multiple cases of both antemortem and perimortem violence related trauma were 
observed. This includes 5 individuals with antemortem trauma indicative of violence and 2 
individuals, both female, with perimortem sharp force trauma. An additional case of blunt force 
trauma was observed but it is unknown if this is the result of violence or some sort of accident. 
The next chapter will compare these results with other skeletal samples in order to better 
understand what these patterns suggest about overall health at Kaman-Kalehöyük during the 



















CHAPTER 6: DISCUSSION 
 
Introduction 
 This chapter considers community health and activity patterns in relation to other relevant 
archaeological sites from the Near East and elsewhere. Comparisons of demography, fertility, 
nutrition, stress indicators (cribra orbitalia/porotic hyperostosis, periostitis, linear enamel 
hypoplasia) and activity patterns are all examined. In addition, the contexts and disposition of the 
human skeletal remains at Kaman-Kalehöyük are discussed in order to examine if they are 
similar to MBA mortuary practices at other sites. Finally, a discussion of the evidence for trauma 
from this site is presented, including how the observed violence may be related to social and 
political processes present in the region.  
 
Community Health 
 The first section of this chapter will compare the data on community health at Kaman-
Kalehöyük with skeletal data from other archaeological sites, particularly sites in the nearby 
region. This information will provide a better insight into what life was like in this rural 
community. The paleodemographic profile, fertility levels, nutritional quality and evidence for 
disease and stress will all be explored. 
Paleodemography 
The paleodemography of the Kaman-Kalehöyük MBA sample is presented in Table 6.1 
and was calculated in a way that makes it comparable with other sites. Five individuals were 
excluded because they could not be placed in a specific subadult category or it was unclear if 
they were adults or adolescents. The paleodemographic profile was compared to other sites in 
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order to see if the age-at-death and sex trends were similar or different. When compared to the 
skeletons excavated at Kültepe/Kanesh in 2005-2008 some differences in demographic profiles 
emerged. For example, at Kültepe the percentage of young adult females in the sample was 
nearly 25% (Üstündağ 2014:162) but at Kaman-Kalehöyük only 3.39% of the sample is 
comprised of young adult females. At Kaman-Kalehöyük the most represented subadult category 
was children aged 2-10 years (22.03%). This appears to be similar to Kültepe, which has ~22% 
of the sample belonging to the early and late child categories (Üstündağ 2014:162). Kültepe does 
have a higher percentage of adults (69.00%) compared to Kaman-Kalehöyük (51.56%) and a 
lower proportion of subadults (31.00%) (Üstündağ 2014:161). 
  










The percentage of the Kaman-Kalehöyük sample in each age category. 
 
The percentage of adults at Alalakh, 56.10% (Boutin 2008:111), is more similar to 
Kaman-Kalehöyük as is the general paleodemography. At Alalakh, 9% of the sample is 
comprised of infants, 19% are children, and 16% are adolescents (Boutin 2008:110). The main 
difference between the two sites in terms of age, are the relatively higher proportion of children 
at Kaman-Kalehöyük and lower percentage of adolescents. Sex distribution at Alalakh is 54.8% 
males and 45.2% females (Boutin 2008:110). At Kaman-Kalehöyük males make up 63.33% of 
all individuals for which sex could be determined and females made up 36.67%, perhaps 
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suggesting fewer females at this site. However, there were multiple individuals for whom sex 
could not be assessed. 
Outside of the region, the Kaman-Kalehöyük demographic data were also compared to 
agricultural samples from the Greater American Southwest (see Table 6.1). These data were very 
similar to the demographic profiles seen at Black Mesa (1>: 10.40%, 1-9: 24.20%, 10-18: 
14.50%, >18: 50.90%), Casas Grandes (1>: 10.00%, 1-9: 22.00%, 10-18: 14.00%, >18: 54.00%), 
Pecos Pueblo (1>: 18.70%, 1-9: 14.00%, 10-18: 8.00%, >18: 59.00%) and Libben (1>: 18.00%, 
1-9: 22.00%, 10-18: 14.00%, >18: 46.00%) (Martin 1991:61). The demographic profile is 
different from Tlajinga (n=166) and Arikara villages (n=1487) which have particularly high 
percentages of infants less than 1 year of age, 41.30% and 31.50% respectively (Martin, et al. 
1991:61). One difference between the Kaman- Kalehöyük sample and these American Southwest 
samples is that the infant category, child category and adolescent category all differ by one year. 
In general, based on these comparisons, it appears that the demographic profile at Kaman-
Kalehöyük during the MBA is relatively normal for an agricultural society.  
 
Table 6.2 Demographic profile of American Southwest samples 

































Fertility at Kaman-Kalehöyük was also examined and compared to data from Çatalhöyük. 
Hillson and colleagues (2013) present a formula for estimating fertility that is modified from 
formulae found in Buikstra, et al. (1986), Bocquet-Appel Bocquet-Appel (2002); (2011b) and 
Boquet-Appel, et al. (2006) (Hillson, et al. 2013:36). This modified formula is D3-19/D3+ which 
examines the number of individuals aged 3-19 years (child and adolescent categories) compared 
to the total number of individuals over 3 years of age (Hillson, et al. 2013:373). For the present 
study, this formula was slightly revised as the infant age category in this research consisted of 
individuals under the age of 2 years and therefore the child age category included those aged 2 to 
10 years of age (See Table 6.2). Because of this, the formula used to calculate fertility at Kaman-
Kalehöyük is D2-17/D2+.  
For this sample the fertility was calculated to be 0.3774 with 20 individuals aged 2-17 
years and 53 total individuals over the age of 2 years. Four individuals were eliminated from the 
analysis due to the fact that they could belong to either the adolescent or the young adult 
category or they could either be infants or children. Compared to the Çatalhöyük data, Kaman-
Kalehöyük demonstrates a high degree of fertility and is most comparable with the increased 
fertility during the Middle period at Çatalhöyük, which is 0.4625 (see Hillson, et al. 2013:37). In 
comparing agricultural fertility data from Çatalhöyük and sites in the American Southwest, 
similarly high fertility rates are seen (see Table 6.3). Fertility at Kaman-Kalehöyük falls within 
the range of these sites and this high fertility rate is not unexpected for an agricultural 
community as increases in fertility rates with the adoption of agriculture have been documented 
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Fertility data from Hillson, et al. 2013:373, Martin, et al. 1991:61, Nelson, et al. 
1994:103. Data listed from lowest to highest fertility. 
Stature 
 Living stature estimates were compared with other sites in the Near East in order to 
examine possible similarities or differences in nutrition and health. This comparison of stature 
estimates is complicated by the fact that different researchers use different regression formulae, 
for example Pearson (1899) vs. Trotter and Gleser (1958), and some individuals use the mean of 
all long bone stature estimates for an individual while others do not. In addition, there are some 
studies where the long bone lengths are not provided and all of these factors make interpretation 
of any similarities or differences challenging. In the future, reporting the specific methodology 
utilized for taking measurements and the raw data may help standardize this health indicator 
make stature comparisons more meaningful.  
Table 6.4 provides living stature estimates from different sites in the Near East. When the 
stature formulae utilized is known it will be put in parentheses, with P referring to Pearson 
(1899), T/G referring to Trotter and Gleser (1958) and T referring to Trotter (1970). Estimates 
employing both Pearson (1899) and Trotter (1970) stature formulae for the femur will be used 
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for Kaman-Kalehöyük as this is the most accurate bone for examining stature. When stature 
estimates for individuals of different socio-economic status are presented for a site, such as at Ur, 
they will be reported separately. Stature estimates for Alacahöyük used long bone length 
measurements provided by Kansu (1937), which were then put in to the Trotter (1970) formulae 
for white individuals.  
 
Table 6.4 Mean stature comparisons for different sites in the Near East 







Kültepe/Kanesh (P) 156.84 152.40 
Alalakh (T/G) 
Alacahöyük (T) 
Ur High Status (T/G) 
 Ur Low Status (T/G) 
EBA Terqa (T/G) 
MBA Terqa (T/G) 


















Stature data from Boutin (2008), Hillson, et al. (2013), Kansu (1937), Keith (1937), Molleson 
and Hodgson (2003), Şenyurek (1950), Tomczyk (2013a), Tomczyk et al. (2011), and Üstündağ 
(2014). P = Pearson (1899), T/G = Trotter and Gleser (1958), T = Trotter (1970).   
  
In general, it appears that Kaman-Kalehöyük males and females have lower mean living 
stature estimates compared to many other sites. This includes samples of known high status 
individuals, such as Alacahöyük (n=2) and Ur (high status n=2), with stature estimates of 163.44 
cm and 167.50 cm respectively. The male stature estimate at Kaman-Kalehöyük is only 160.30 
(n=1) for the femur. The stature estimate for the humerus, a less reliable bone for estimating 
stature, at Kaman-Kalehöyük is 166.86 (n=3) which would fall more in the middle compared to 
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the other sites. Females are also relatively smaller in stature at Kaman-Kalehöyük with a mean 
stature of 145.86 cm (n=2) for the femur and 151.89 cm (n=2) for the humerus, which are the 
lowest height estimates of all the sites. Another site with low mean stature estimates, including 
the lowest height for males, is Kültepe/Kanesh (n=20). This may reflect their low socio-
economic status. While the sample sizes for many of the sites, including Kaman-Kalehöyük, are 
small, these data suggest that individuals living at Kaman-Kalehöyük may be more similar in 
height to low status individuals at Kültepe/Kanesh. This could be the result of similarities in 
nutrition levels, although more data will be useful for confirming this  
 
Periosteal Reactions 
 Prevalence of periosteal reactions was also examined in relation to other archaeological 
sites in order to understand the relative health profile of the individuals at Kaman-Kalehöyük. 
Six individuals had active or healed periosteal reactions at Kaman-Kalehöyük and 21.43% of all 
observable right tibiae exhibited this condition. Of the six individuals, one male had what was 
likely an active systemic infection and another male had likely recovered from a similar 
infection. This interpretation is due to the presence of periosteal reactions on all or almost all of 
the leg bones of these two males. Kültepe/Kanesh had similar rates of periosteal reactions with 
25.00% of the sample affected (Üstündağ 2014). Alalakh had a lower prevalence with 12.00% of 
the sample exhibiting this condition (Boutin 2008). There are several sites where periosteal 
reactions was not reported but it is unknown whether the prevalence is 0.00% or whether it was 
not one of the types of data collected. Overall, it appears that for this indicator of health, Kaman-




Cribra Orbitalia and Porotic Hyperostosis 
 Cribra orbitalia (CO) and porotic hyperostosis (PH) prevalence were compared with other 
sites when possible (see Table 6.5). Due to the commingled and burned nature of the assemblage 
at Kaman-Kalehöyük it was not possible to separate these two conditions on an individual basis 
at all times. Therefore, when these two conditions are separated in other data sets (such as 
Kültepe/Kanesh (see Üstündağ 2014:165), both conditions are reported with CO percentages first 
followed by PH percentages. At Ebla, these data were reported as percentage of all orbital roofs 
involved, not percentage of observable individuals. There were a total of 8 individuals with CO 
present at the site of Ebla, which would be 14% of the sample but not all individuals were 
observable for the condition (Mogliazza and Polcaro 2010:437). Also, it was not always possible 
to estimate sex so the total percentage also takes individuals of undetermined sex into 
consideration.  
Table 6.5 Percentage of individuals with cribra orbitalia and porotic hyperostosis 
Site Male Female Total 
Kaman-Kalehöyük 70.00% 66.67% 55.56% (CO&PH) 









Data from Boutin (2008), Mogliazza and Polcaro (2010) and Üstündağ (2014). CO = cribra 
orbitalia, PH = porotic hyperostosis 
 
 A wide variety of rates of CO and PH were reported and differences are apparent 
between sites. Kültepe/Kanesh, a sample of low socio-economic individuals, has the highest 
prevalence of these anemia related conditions, especially porotic hyperostosis. Alalakh has 
relatively low rates and no porotic hyperostosis at all. Ebla, a high status sample, also has lower 
rates of cribra orbitalia. Kaman-Kalehöyük appears to be more similar to the low status sample at 
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Kültepe/Kanesh in this regard, potentially indicating relatively similar rates of anemia in the two 
communities. While these data are preliminary, CO and PH may potentially indicate differences 
in nutritional health in this region that may be affected by socio-economic status 
 
Dental Caries 
 Dental caries are caused by acid, made by bacteria, which destroys the enamel and 
dentine of teeth (Hillson 1996). Percentage of individuals with dental caries were examined and 
compared with other sites in the Near East. The percentage of individuals at Kaman-Kalehöyük 
with caries is 6.27%. This is very similar to Ebla, which has a prevalence of 6.70% of individuals 
with caries (Mogliazza and Polcaro 2010) and Çatalhöyük with 6.60% of individuals (Boz 2005). 
Alalakh had a higher percentage of individuals with caries at 11.15% (Boutin 2008). In contrast, 
two earlier Neolithic sites, Aşıklı Höyük and Çayonu, have much lower prevalence with 4.30% 
and 2.90% respectively (Boz 2005; Özbek 1995, 1998). This high caries rate among later 
agricultural groups in the Near East in not unexpected as greater rates of caries have been 
observed in other locations coinciding with the transition from hunting and gathering to 
agriculture. This is due to the increased amount of starch in the diet that comes with an 
agricultural subsistence economy (Hillson 1996). Therefore, the high percentage of caries at 
Kaman-Kalehöyük likely reflects their consumption of starchy cereals, which is also supported 
by the archaeobotanical evidence (see Fairbairn, et al. 2007; Fairbairn and Omura 2005). 
 
Linear Enamel Hypoplasia 
 A comparison of the prevalence of linear enamel hypoplasias between Kaman-Kalehöyük 
and other sites in the Near East is presented in Table 6.6. The sites included in this comparison 
include Çatalhöyük, Alalakh, Terqa, Kültepe/Kanesh and Ebla. When compared to Ebla, a MBA 
111 
 
urban site with a high status skeletal sample (Mogliazza and Polcaro 2010), Kaman-Kalehöyük 
has a slightly higher prevalence of LEH. Terqa, another urban site, shows higher percentages of 
LEH but the sample sizes are very small with only three individuals observable for the EBA and 
three for the MBA (see Tomczyk 2013a; Tomczyk 2013b). The urban sites of Alalakh and 
Kültepe/Kanesh have much higher rates of LEH, 63.00% and 80.00% respectively, but Üstündağ 
(2014) has reported that the sample from Kültepe is likely comprised of lower status individuals. 
The Neolithic village site of Çatalhöyük demonstrated a lower incidence of LEH, 13.00% (Boz 
2005), than all of the other sites examined. In general the individuals at the rural site of Kaman-
Kalehöyük do not appear to have high rates of LEH compared to contemporaneous urban sites in 
the Near East. 
 
Table 6.6 Percentage of linear enamel hypoplasias by site and time period 
Site % of Individuals with LEH Age Range 
Çatalhöyük (Neolithic) 
Terqa  (EBA) 
Kaman-Kalehöyük (MBA) 


















LEH data from Boutin (2008), Boz (2005), Mogliazza and Polcaro (2010), Tomczyk (2013a; 
2013b), Üstündağ (2014). EBA = Early Bronze Age, MBA = Middle Bronze Age, LBA = Late 
Bronze Age. 
 
Measurements of LEHs that allow for estimation of the age of biological stress and 
resulting LEH were reported for Çatalhöyük and Alalakh, in addition to Kaman-Kalehöyük. All 
three sites demonstrate that the age range of approximately 1-6 years is particularly stressful. In 
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addition, the Neolithic village Çatalhöyük showed an additional high stress age range of 10-13 
years that was not observed at the other sites. Goodman (1988) suggests that, based on enamel 
hypoplasia frequencies, that the 1.5-4.0 age range may be particularly stressful. Weaning may be 
one of the factors affecting this (Goodman 1988:789). It is possible that the individuals at 
Kaman-Kalehöyük suffered from similar types of stress during this period of childhood, resulting 
in similar patterns. 
 
Activity Patterns 
 The next section of this chapter examines signs of activity patterns and muscularity. 
These indicators will be compared with other relevant sites in the region when possible. These 
are important as they may provide information about overall amount of labor and differences and 
similarities between sites and age and sex groups within sites. Robusticity indices are based on 
measurements of the femur and humerus and provide information about upper arm and leg 
strength. Entheses (muscle markers) and osteoarthritis provide information about muscle and 
joint use. 
Robusticity 
Robusticity scores were compared to published data when possible in order to interpret 
the overall muscularity of the MBA individuals at Kaman-Kalehöyük. Humeral robusticity 
indices calculated by Boutin (2008:520) for Alalakh and the comparative sample she used from 
the Near East (Males: Chatal Hüyük, Ugarit, Tall Knediğ and Ahlatlibel; Females: Tell Judaidah 
and Tall Knediğ) are presented in Table 6.7 along with data from two high status males from 
Alacahöyük from Kansu (1937). Interestingly, the results from Kaman-Kalehöyük show a very 
different trend with more robust males and gracile females while Alalakh has the opposite with 
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more robust females. The combined data from multiple sites in the Ancient Near East has 
approximately equal robusticity between the sexes (see Boutin 2008:520). Based on these data, it 
appears that female humeral robusticity was relatively low at Kaman-Kalehöyük, possibly 
indicating less upper arm muscularity and therefore lower activity levels. Males at Kaman-
Kalehöyük appeared to be more muscular than males at the urban site of Alalakh but not 
necessarily more so than males at some other sites in the Near East. The data from Alacahöyük 
suggests that they were less robust than males at Kaman-Kalehöyük and more similar to those at 
Alalakh. 
 
Table 6.7 Comparison of Humeral Robusticity Indices  
Site Mean Robusticity (Males) Mean Robusticity (Females) 
Kaman-Kalehöyük (MBA) 
Alalakh (MBA & LBA) 










Humeral robusticity data for Alalakh and the Ancient Near East from Boutin (2008:520). Data 
for Alacahöyük from Kansu (1937:38). 
 
Femoral robusticity indices calculated for Kaman-Kalehöyük are a little more challenging 
to compare than humeral indices. While Boutin (2008) did calculate robusticity for the femur for 
Alalakh, a different method was utilized and the numbers are not directly comparable. Larsen et 
al. (2015) provides body mass estimates for Çatalhöyük but these are also not directly 
comparable. Kansu (1937) did provide femoral robusticity indices that appear to be comparable 
and the mean robusticity index of the right and left femora for that individual (a high status male) 
is 13.7. This is lower than the mean for males at Kaman-Kalehöyük, which is 14.54. Within the 
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sample at Kaman-Kalehöyük femoral robusticity is higher for males than females, a possible 
indicator of differences in physicality.  
 
Entheses 
 Comparison of entheses for the upper and lower extremities from Kaman-Kalehöyük 
presents a challenge as comparative data using the same methodology and scoring system is not 
reported for the Near Eastern sites used for comparison in this study. Because of this, collection 
of comparative data in the future will allow for more robust evaluations and greater 
understanding of the meaning of these data in terms of activity levels (if entheses scores do 
reflect activity in at least young and middle adults rather than age-at-death). The nature of 
entheseal data, which are based upon subjective assessments instead of metric analyses, makes 
statistical comparisons difficult (Harrod 2013:113). Because of this, and the limited sample sizes, 
trends will be discussed instead. In general, the mean entheses scores were between 1 and 2 for 
all groups except for the lower extremities for the old adults. These low scores indicate that these 
muscle attachment areas had no more than slight to moderate development. The higher scores for 
the old adult lower extremities may be a function of their increased age, not greater activity. 
While the entheses were not scored using the system utilized here, Mogliazza and Polcaro (2010) 
report that the entheseal development on individuals at Ebla is low and they do not appear to 
have participated in intense, sustained activities. The Kaman-Kalehöyük were also compared to 
entheses analyses in the American Southwest, which were collected utilizing the same methods 
and data collection strategies. In her analysis, Baustian (2015) found similar patterns with mean 
scores under 2 for young and middle adults. Harrod (2013), however, did detect patterns of more 
robust entheses at some American Southwestern sites among younger age groups, suggesting 
that these data can be useful for inferring activity in the young and middle adult categories. At 
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this point in time, the entheseal data from Kaman-Kalehöyük do not point to any firm 
conclusions about activity, but may suggest that overall work load was not high for at least some 
individuals. Future endeavors will help to clarify this issue. 
 
Osteoarthritis 
Osteoarthritis was observed in 48.48% of all adults at Kaman-Kalehöyük and this is 
similar to the pattern at Alalakh where 50.00% of adults exhibited this condition (Boutin 2008). 
Kültepe/Kanesh had a slightly higher prevalence with 63.20% displaying evidence of 
osteoarthritis (Üstündağ 2014:165). Interestingly, Ebla had very low rates with less than 6% for 
all areas of the body, including the spine (Mogliazza and Polcaro 2010). Overall, this condition 
at Kaman-Kalehöyük appears to be more common in individuals of greater age, as expected, and 
is also similar to the age patterns at Alalakh  (Boutin 2008), Kültepe (Üstündağ 2014) and 
Çatalhöyük (Larsen, et al. 2015). There were some possible differences between the sexes in the 
location of osteoarthritis at Kaman-Kalehöyük, with osteoarthritis in the hip and lower limb 
bones only present in males.  
 
Mortuary Practices 
An understanding of standard mortuary practices in the region during the MBA period is 
relevant for any discussion of the Kaman human remains.  This will allow for comparisons in 
order to examine whether the dispositions of the skeletal remains from Kaman are consistent 
with the mortuary patterns observed at other sites or if they are more consistent with the idea that 
many of these individuals are the victims of a battle.  The archaeological sites used for 
comparison include Kültepe/Kanesh, Alacahöyük, Açemhöyük, and Alişar.  In general, a wide 
range of mortuary practices have been observed at these other sites and include inhumations 
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under floors, cyst burials, and pithos burials.  Grave goods have been discovered with some 
burials and both wealthy and non-wealthy burials have been reported.  Cremation, a practice that 
is often used in the later Hittite period, has not been found at all MBA sites but it has been 
observed at Açemhöyük (Öztan 1998). In general, during the MBA in central Anatolia 
extramural burial in cemeteries was the standard practice (Santamaria 2015:194).  
Kültepe/Kanesh and Alişar are two very important MBA sites and both contain burials 
that can be used for comparisons with Kaman.  At these sites, remains of the deceased were 
buried inside the city and under room floors, especially under kitchen floors (Emre 1991).  The 
positions of the bodies have been described as either flexed, “hocker” or “dorsal” positions.  A 
number of different types of burials have been discovered at both Kültepe/Kanesh and Alişar 
including inhumations (with and without ceramics), pithos burials, jar burials and cist burials 
(Emre 1991; Erdal and Erdal 2011; Üstündağ 2014).  Sarcophagus and tomb burials have also 
been discovered at Kanesh in addition to these other burial types (Erdal and Erdal 2011) and one 
burial has been found inside a bathtub (Üstündağ 2014:159).  Burials at this site contain single or 
multiple individuals (Erdal and Erdal 2011; Üstündağ 2014) and are found both within buildings 
and outside (Üstündağ 2014). In an analysis of burials excavated in 2005-2008, 46% of 
contained one individual, 25% contained two, 25% contained three and 4% contained four 
individuals (Üstündağ 2014:160).  
At Kültepe/Kanesh, wealthy graves have been found but poor graves, containing few 
items, also have been observed in the Karum portion of the site.  The existence of wealthy and 
non-wealthy graves at Kültepe/Kanesh is not surprising as this was a very important trading 
center during the MBA.  Some of the grave goods found at Kültepe/Kanesh include ceramics, 
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metal weapons, bowls, god figurines, and pins.  The burial practices observed at Kanesh have 
also been identified at Alaçahöyük, although they are more limited at this site (Emre 1991).   
The Aribaş cemetery at Açemhöyük is another important source of information about 
MBA burial practices.  The cemetery dates from the 18th century B.C. to the middle of the 17th 
century B.C. (Açıkkol, et al. 2009).  This site contains many infants buried in simple 
inhumations and often covered with ceramic sherds.  So far, no grave gifts have been found with 
these infant burials (Öztan 1998).  A total of 167 burials have been discovered at Aribaş have 
been discovered and their burial contexts described.  Two types of burial customs appear to have 
been practiced for adult individuals at this site, cremations and inhumations, and each of these 
has both simple and more elaborate examples (Açıkkol, et al. 2009; Öztan 1998).   
Cremation is by far the most common burial method with 139 cremated burials at the 
Aribaş cemetery.  Usually the cremated remains were placed in urns (112 burials) but simple 
cremations have also been found (27 burials).  The urns containing the cremated remains have 
been described as domestic, utilitarian vessels not special burial urns (Öztan 1998).  The urns 
were often broken during normal daily use and then used as burial urns, although some were 
broken deliberately to accommodate the burial.  Occasionally, animal bones or hand bones have 
been found in urns containing cremated human remains (Öztan 1998).    
Other than cremations, 28 inhumations have been found in this cemetery from the MBA 
period.  Of these, 21 are simple inhumations in pits.  There does not appear to be any consistency 
in orientation or position of the bodies.  Pot sherds were often found with these.  In general, the 
inhumations consist of only single individuals, although there is one example of a multiple burial 
that has been suggested as possible evidence for a disaster of some sort (Öztan 1998).  The 
remaining 7 inhumations are pithos burials, each of which only contained a single individual.  
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Grave goods at this site include different types of pottery, spindle whorls, figurines, obsidian, 
stone beads and other stone objects, animal bones, hand bones, bone objects such as awls and 
beads, a cylinder seal, a stamp seal, an ivory box lid, faience objects including beads and 
amulets, metal pins, and metal rings (Öztan 1998).   
 In examining the information regarding mortuary practices in central Anatolia during the 
MBA, it becomes clear that at least most of the individuals interred at Kaman-Kalehöyük do not 
exhibit these patterns. While many individuals in the sample at Kaman-Kalehöyük are burned, 
they do not appear to have been intentionally cremated for burial. Instead they are located in 
burned contexts that appear to have been destroyed (see Omura 2011). Also, while the presence 
of multiple individuals may not necessarily be unusual, Üstündağ (2014) reports as many as four 
in a grave, there are multiple contexts at Kaman-Kalehöyük with greater than four individuals 
and Room 150 and Room 370 both have more than ten individuals. The contrast between 
patterns seen at Kaman-Kalehöyük and what has been observed at other sites, supports the 
conclusion by Omura (2011) that individuals from the burned room complex are likely victims. 
The skeletal evidence for trauma further suggests that this was the case. 
 
Violence during the Middle Bronze Age 
 The results of the trauma analysis show multiple examples of lethal and non-lethal 
trauma present in the MBA Kaman-Kalehöyük sample. A total of five individuals (7.46%) have 
evidence of non-lethal trauma that is likely the result of violence. Four of these instances were 
cause by blunt force trauma to the head or face and fall under types of injury more commonly 
associated with violence by Guyomarc’h and colleagues (2010).  Of these four individuals, three 
are found inside burned rooms, which may indicate that they represent victims of the destruction 
of the site. In addition to these, there was also one case of an individual with healed sharp force 
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trauma to the sternum. This young adult male individual was found outside Room 148 and Room 
150, and was possibly involved in the destruction of the community. It is unknown if this 
individual was local to the town or one of the perpetrators of the attack on Kaman-Kalehöyük. 
Whether or not all of these five individuals were local, they demonstrate that interpersonal 
violence was present during the MBA and that some individuals at Kaman-Kalehöyük were 
affected by it prior to the destruction of the town. 
 The three examples of lethal trauma observed during the analysis support the hypothesis 
put forward by Omura (2011) that a battle occurred at Kaman-Kalehöyük and that many of these 
individuals died in the battle. This hypothesis is also supported by multiple lines of 
archaeological evidence (see Omura 2011). The two examples of lethal sharp force trauma could 
be consistent with some of the weapons found at the site, such as a metal dagger or spear head. It 
is more difficult to determine what sort of object might have caused the perimortem blunt force 
trauma on the third victim of lethal trauma but violence is also a likely cause. It is possible that 
other individuals suffered lethal trauma in the battle as well, for example the adult male found 
with an embedded spear head in the thorax described by Omura (2011) and Matsumura (personal 
communication 2014), but that the burning and fragmentation of the skeletal remains 
complicates the ability to identify this.  
 This pattern is very different than Alalakh, where no signs of interpersonal violence were 
observed (Boutin 2008) and Kültepe where only one small cranial depression fracture was 
identified (5% of the sample) that might be related to violence (Üstündağ 2014). The fact that 
there are so few instances of antemortem trauma at these other sites is interesting as both of these 
sites have somewhat similar sample sizes to Kaman-Kalehöyük (MNI = 67) although they are a 
little smaller with 45 individuals at Kültepe (Üstündağ 2014:160) and 58 individuals at Alalakh 
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(Boutin 2008:105). It is possible that there was increased risk of interpersonal violence during 
the MBA at the rural site Kaman-Kalehöyük, resulting in the five examples of antemortem 
trauma. The destruction of the site, likely resulting in the death of many of the individuals in the 
sample, may also be related to processes occurring at the end of the period in the MBA.  
 
End of the Old Assyrian Period 
 Another important consideration when attempting to understand the MBA human skeletal 
remains from Kaman-Kalehöyük is the social and political landscape in central Anatolia around 
this time. Omura (2011:1108) dates the destruction of Kaman-Kalehöyük to the end of the MBA 
Assyrian Colony period (mid-1700s BCE). While it is unknown what led to the end of the 
Assyrian trading system in Anatolia, several other sites also show evidence of destruction. For 
example, the destruction of Kanesh at the end of kārum Ib period was likely the result of conflict 
and competition between the Anatolian city-states.  The evidence for this comes from both 
written documents and at least one other Anatolian urban center with similar destruction 
(Veenhof and Eidem 2008).  One possibility is that the end of level Ib, including the destruction 
of the Warshama Palace, could have occurred during a battle with Hattuş (Barjamovic, et al. 
2012). Another possibility concerns the “Anitta Text”, which states that the King of Kussar, 
Pithana, captured the city of Kanesh and its king but did not destroy the city.  Pithana was 
succeeded by Anitta, who supposedly moved his residence to Kanesh (Veenhof and Eidem 
2008).  Several other documents discuss revolts and general social unrest (Kuzuoğlu 2011). For 
example, one section of a text states that “the country is in revolt” (Kuzuoğlu 2011:30) and 
another letter says that “fear has arisen in the country” (Kuzuoğlu 2011:33). These texts 
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reference specific cities located in central Anatolia. Unfortunately the reasons for the unrest and 
violence is not stated (Kuzuoğlu 2011). 
 The evidence from the skeletal remains for perimortem trauma, combined with the 
taphnomic data (burning) and archaeological context, all support the idea that many individuals 
at Kaman-Kalehöyük were the victims of a battle as put forward by Omura (2011). All three 
perimortem wounds observed on the individuals at this site appear to be violence related, 
including two chop marks likely made by some sort of weapon. This also explains the large 
deposits of multiple individuals leading to extreme commingling of the skeletal remains. While 
only three instances of perimortem trauma have been observed, the ability to identify perimortem 
trauma is complicated by damage from the fire and other taphonomic processes. Many of the 
bones are blackened and/or calcined resulting in poor bone quality and highly fragmentary 
material in some cases. Room 150 in particular had highly burned and fragmentary individuals, 
which made the skeletal analysis challenging. Also, as stated by Omura (2011), some of the 
individuals may have died in the fire and therefore would not necessarily have weapon related 
trauma. 
While it is not possible to identify the perpetrators of this attack, it appears that the 
violence was directed at the entire community. The inclusion of women and children of all ages, 
including infants, is significant. This is similar in some ways to other archeological and modern 
examples where non-combatants are targeted (for example see Kuckelman, et al. 2000; Semelin 
2009). According to Semelin (2009), an important aspect of this type of violence is destruction 
of the “other”, including at times the total destruction of the bodies of the victims. The other, in 
these cases, is viewed as less than human and the destruction of this dehumanized other is 
socially sanctioned (Semelin 2009). Perhaps some of these ideas about the motivations behind 
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the targeting of certain communities and subgroups helps to explain the inclusion of these non-
combatant among the victims at Kaman-Kalehöyük. It also might explain the burning and 
disregard for the bodies of the deceased. Hopefully future studies will shed more light on the 
processes of violence that were occurring at the end of the MBA Assyrian Colony period and 
how they were tied into the social and political changes occurring in the region. 
Summary 
 Indicators of community health, activity and violence were all examined and compared in 
order to put the data from Kaman-Kalehöyük into perspective. Overall, health indicators suggest 
that the MBA community at Kaman-Kalehöyük had a similar demographic profile and fertility 
rate compared to other agricultural societies. Caries rates were also similar to other agricultural 
groups and reflect the incorporation of starchy foods into the diet. Indicators of nutrition, such as 
stature and cribra orbitalia/porotic hyperostosis, tentatively suggest some potential degree of 
nutritional stress and are similar to low socioeconomic individuals at Kültepe/Kanesh. Activity 
patterns are somewhat inconclusive but males tend to be robust in relation to other sites, while 
females are more gracile. Comparisons with mortuary patterns in the region and evidence for 









CHAPTER 7: CONCLUSIONS 
Introduction 
Archaeological investigations in central Anatolia have produced a significant amount of 
data about life during the Middle Bronze Age. In the course of evaluating the archaeological and 
textual data from sites in region, such as the extensive written sources unearthed at 
Kültepe/Kanesh, questions about relative health have been put forward. Atıcı (2014b) discusses 
evidence in the texts pointing to potential differential access to resources, which could impact 
health, due to institutionalized inequalities in the region. However, no systematic 
bioarchaeological research focused on rural communities has been performed that would allow 
for comparisons between urban and rural communities and high and low status human skeletal 
samples. This project seeks to help address these questions by providing a health profile for the 
rural community at Kaman-Kalehöyük.  
 The main objectives of this research were to collect and interpret multiple lines of 
skeletal and archaeological evidence in order to: 
 
1. Present a health profile for a rural MBA community that can be used for future 
comparisons. 
 
2. Investigate the evidence for violence and the possibility that many of the individuals 
excavated from Kaman-Kalehöyük may have been the victims of a battle. 
   
Until now, these objectives had not been studied in a way that incorporated all of the 
known MBA individuals from this site. While previous studies see Hunt 2005; Hunt 2006; 
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Katayama 1998) have examined some of the MBA human skeletal remains at the site, many 
others had either not been examined or not been published. Additionally, new MBA human 
skeletons have been unearthed in recent years, presenting an excellent opportunity to examine 
the entire known skeletal sample from the MBA layers and provide a fresh perspective. Thus, 
this study presents new information and includes additional information collected from 
individuals dating to this time period that have more recently been recovered at Kaman-
Kalehöyük. This study also applies current analytical methodology that can be directly 
comparable with future skeletal investigations at this site and elsewhere in the region. 
 
Health 
 While the interpretations of the health profile of this community is tentative at this time, 
and sample sizes do not allow for robust statistical analyses, some potential patterns have 
emerged that might provide useful for comparative studies in the future. Some aspects of the 
health profile, such as the demographic profile, fertility rates and prevalence of dental caries, are 
consistent with an agricultural lifestyle. The demographic patterns appear to be relatively normal 
for an agricultural village and fertility is high, similar to other agricultural communities. The rate 
of dental caries reflects the consumption of starchy foods, which is to be expected based on the 
subsistence economy at this site. 
 Evidence for nutritional quality and general stress potentially indicate that these 
individuals might be more consistent with the health profile of low socio-economic individuals at 
the contemporaneous site of Kültepe/Kanesh. The relatively low living stature estimates and high 
rates of anemia are similar to those at Kültepe/Kanesh. Periosteal reaction rates, related to 
infection in at least some cases, is also similar to Kültepe/Kanesh and there are at least two 
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individuals who suffered from systemic stress, likely from an infection. Other cases of systemic 
stress are also likely in the Kaman-Kalhöyük sample. General indicators of non-specific 
childhood stress, recorded in the teeth as LEHs, are not especially high and likely speak more to 
the stress of weaning, low quality weaning foods and immature immune systems experienced by 
young children in pre-modern agricultural communities.  
 Activity patterns at this site are more challenging to interpret. While males seem to be 
relatively robust at Kaman-Kalehöyük, females tend to be gracile. Muscle development, recorded 
as entheses, is not high for young and middle adult individuals. Osteoarthritis rates seem to be 
age related, with higher rates among those 35 years and older, although perhaps there are 
differences between males and females. No lower osteoarthritis has been found on the lower libs 
for females. The most common area for osteoarthritis is the spine, which is common. The 
preservation of the skeletal remains, including the high degree of burning found on many 
individuals, have resulted in small sample sizes for many of these indicators so hopefully the 
discovery of more skeletons in the future will add to this dataset. Also, the commingling of 
bodies in many contexts make reconstructing individual health and activity profiles challenging. 
Even with these challenges, it has been possible to formulate a tentative health profile for this 
rural community that allows for comparisons with other communities in the region. 
 
Violence 
 The analysis of the human skeletal remains from the MBA at Kaman-Kalehöyük 
presented here are in strong agreement with the interpretation put forward by Omura (2011) that 
many individuals found at the site died in an attack on the village. This is supported by the 
evidence for perimortem trauma, especially two instances of sharp force trauma consistent with 
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weapons similar as those found at the site. In addition, the disposition of the skeletal remains, 
many of which are found in commingled contexts with multiple individuals, evidence of burning, 
and in some cases association with metal weapons (Omura 2011) provide additional support for 
this interpretation. These are not consistent with standard mortuary patterns observed at other 
contemporaneous archaeological sites in central Anatolia. While cremation has been observed in 
some other sites, the human skeletal remains at Kaman-Kalehöyük do not appear to have been 
cremated as part of a mortuary practice and then intentionally buried, but rather they died in the 
battle or in the associated burning of the site. Also, the number of individuals found in some 
contexts, such as Room 150, are unusual for other MBA burial practices, with a minimum of 17 
individuals found in this context. Rather, the skeletal and archaeological evidence here is more 
consistent with textual and archaeological evidence for violence and destruction that is thought 
to have occurred at the end of this period. In addition, the antemortem trauma indicates that 
interpersonal violence was not limited to the battle that likely led to the death of many 
individuals at the site. Instead, these data also support the idea that this may have been a 




 This research will contribute to a growing body of knowledge concerning the impact of 
state formation, urbanization, and the development of permanent social inequalities on the health 
of rural communities.  This research will lay the foundation for future in-depth studies on 
inequalities in central Anatolia through the collection of much needed skeletal data from a rural 
community in this region and time period.  Laying the foundation for future studies of the 
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relationships between inequalities and health in MBA central Anatolian society is also important 
as these relationships continue to affect communities globally.  Understanding how different 
social, cultural, and economic conditions can create subgroups that are at greater risk of 
morbidity or mortality is of great concern in a world where structural violence continues to be a 
problem. The indicators of health chosen for examination in this study are based upon current 
methodology in the field of bioarchaeology and will therefore be directly comparable with other 
skeletal studies of inequalities and health across time and space, potentially helping to contribute 
to our understanding of these issues. The results of this study will be made available to other 




 Archaeologists and bioarchaeologists are contributing to our knowledge of how 
institutionalized inequalities develop, how they are identified in the archaeological record and 
how aspects of health and violence may be intertwined. This is important as archaeology 
provides a vast depth of time that allows for long term examination of processes in different 
regions, time periods, and social, political and economic contexts. Inequality and structural 
violence are very much still present in modern societies so understanding the history of 
instutionalized inequalities directly contributes to understanding modern human concerns.  
Going forward, a key element to providing important information about the social, 
political and environmental context of the MBA in central Anatolia will be the standardization of 
recording and reporting skeletal data. This will allow for more direct comparisons between sites 
and time periods. Also, much more skeletal data is needed from the MBA and future studies that 
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examine health and trauma will provide a more complete picture of how different communities 
and different groups of individuals experienced life during the MBA in central Anatolia. 
Additionally, future research on violence occurring at the end of the MBA in this region may 
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 Victims of Colonial Violence: A Historic Case Study from Northern Mexico.   
 Presented at the 81st Annual Meeting of the American Association of Physical  
 Anthropologists, Portland, OR, April 11-14, 2012. 
 
2012 Anderson CP, Baustian KM, and Martin DL.  Poster Presentation Sex  
 Estimation and Pathology in the Second Cervical Vertebrae from Bronze Age Tell  
 Abraq, UAE.  Presented at the 39th Annual Meeting of the Paleopathology  
 Association, Portland, OR, April 9-11, 2012. 
 
2012 Anderson CP.  Podium Presentation Identifying Victims of Violence in a  
 Multicultrual Context: A Bioarchaeological Case Study form Northern Mexico.   
 Presented at the Society for Cross Cultural Research Annual Meeting, Las  
 Vegas, NV, February 24, 2012.  
 
2011 Anderson CP, Martin DL, and Thompson JL.  Podium Presentation The Victim’s 
Viewpoint: Combining Skeletal Research with Ethnohistoric Evidence.  Presented at the 
110th Annual Meeting of the American Anthropological Association, Montréal, Canada, 
November 15-20, 2011. 
 
2011 Crandall JJ, Baustian KM, Anderson CP, and Harrod RP.  Podium Presentation Lost in 
the Archives: A Forensic Reanalysis of the Kiel Ranch Murders.  Presented at the 31st 
Annual Meeting of the Mountain Desert and Coastal Forensic Anthropologists, Boulder 
City, NV, June 1-3, 2011. 
 
2011 Anderson CP, Martin DL, Thompson JL, and Brooks RH.  Poster Presentation  
 Bioarchaeology and taphonomy of human remains from San Francisco de Borja, a  
 historic cave site in N. Mexico.  Presented at the 80th Annual Meeting of the American  
 Association of Physical Anthropologists, Minneapolis, Minnesota,  April 12-16, 2011. 
 
2011 Anderson CP, Martin DL, and Thompson JL.  Poster Presentation Taphonomy and 
Cremation of Human Remains from San Francisco de Borja.  Presented at the 76th 
Annual Meeting of the Society for American Archaeology, Sacramento, California, 




UNLV Graduate College/GPSA Workshop: Graduate Successes: Tips and Experiences for 
Obtaining External Funding  
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Panelist (January 28 and September 7, 2016) 
 
UNLV Graduate College Graduate Student Research Panel 




American Academy of Forensic Sciences 68th Annual Meeting, Las Vegas, NV 
Volunteer (February 22, 2016) 
 
American Academy of Forensic Sciences CSI Event, Las Vegas Natural History Museum, Las 
Vegas, NV 
Volunteer, Forensic Anthropology Exhibit (February 21, 2016) 
 
UNLV Graduate and Professional Student Association 
Anthropology Representative, Fall 2015-Spring 2016  
 
UNLV Student Organization Funding Board 
Committee Member (GPSA Representative), Fall 2015-Spring 2016  
 
Society for Cross Cultural Research 41st Annual Meeting, Las Vegas, NV 
Volunteer (February 22-25, 2012) 
 
UNLV Department of Anthropology Open House, Las Vegas, NV 
Volunteer (Spring 2012, Fall 2012, Spring 2013, Fall 2013, Spring 2014, Fall 2015, Spring 2016, 
Fall, 2016) 
 
Barrick Museum of Natural History, Las Vegas, NV 
Volunteer (September, 2010). 
 
Arizona State University Center for Bioarchaeological Research, Tempe, AZ 









Dr. Debra Martin – debra.martin@unlv.edu 702-895-1881 
Dr. Levent Atici – levent.atici@unlv.edu 702-895-5237 
Dr. Peter Gray – peter.gray@unlv.edu 702-895-3586 
 
